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BOOK  n.    DIVISION  III.  OF  PART  I, 

CONTiNUED. 


G£NU3  VIII,   Sulphites. 


ICSE  salts  arc  farmed  by  salumtuig  ihe  alk^illQe  snd 
cuihy  bases  with  sulphurous  acid.  The  easiest  pro-  ^ 
MM  is  tliat  which  was  fuUowed  by  Bertlioller,  and  af-  ^ 
lerwirds  by  Vauquelin  and  Fourcroy.  The  proper 
mixiure  of  sulphuric  acid  and  mercury  for  obtaining 
sulphurous  acid  is  to  be  put  into  a  gtasf  vessel,  from 
which  ihcTc  passes  a  lube  into  a  small  bottle  .containing 
a  liiile  water.  From  this  bottle  there  passes  another 
tube  iaio  one  of  Woulfe's  bottles,  which  coiiUina  the 
alkilinc  or  earthy  base  designed  to  be  combined  with 
■ulphuruus  acid,  either  dissolved  or  suspended  in  water. 
When  (lie  apparatus  is  property  adjusted,  heat  is  ap- 
plied to  the  mixtUTe  of  mercury  and  acid  ;  sulphurous 
acid  gas  passes  over  lirst  into  the  bottle  with  water, 
nbercihe  sulphuric  acid,  if  any,  passes  along  with  it, 
ii  detained  ;  thence  it  passes  into  the  Wouli«'s  bottle. 

Vol.  in.  A. 


2  SALTS. 

Book  II.     where  it  combines  with  the  base.      When  the  base  is 
I.     y   ■■■>'   saturated,  crystals  of  sulphite  often  form  spontaneous- 
ly, or  they  may  be  obtained  by  evaporating  the  solu- 
tion. 

The  sulphites  were  first  pointed  out  by  Stahl ;  but 
tearcely  any  of  them  were  examined,  except  sulphite  of 
|>otash,  tin  BerthoUet  made  a  set  of  experiments  on  them 
about  the  year  1700  *.  But  a  much  more  complete 
description  of  them  was  published  by  Fourcroy  and 
Vauquelb,  from  their  o^n  experiments,  in  the  year 
1797 +. 

Sulphites  are  distinguished  by  the  following  proper- 
ties : 
Oharsctcn.        !•  A  disagreeable  taste,  analogous  to  that  of  burning 
Sulphur. 

2.  When  heated,  they  emit  sulphurous  acid  and  wa- 
ter, and  then  sulphur,  which  takes  fire  and  bums  with 

■ 

a  yitflet  flame,  if  the  experiment  be  performed  in  an 
open  crucible.    A  portion  of  sulphate  remains  behind. 

3.  When  exposed  to  the  air  in  a  state  of  solution, 
tShey  absorb  oxygen,  and  are  conrerted  into  sulphates. 

4.  When  they  are  dropt  into  nitric  add,  red  vapours 
are  disengaged  in  abundance,  and  the  salts  are  convert^^ 
ed  into  sulphates.  Oxymuriatic  aeid  produces  the  same 
efiect,  but  partially. 

'  The  sulphites  at  present  known  amomt  to  eight. 


t.  SOLUBLZ 

SOL- 

FU1TE9. 


Sp.  1.     Sulphite  of  Potash. 
This  salt  was  formed  by  Stahl,  but  was  first  acciN 


t  .^mt.  dc  Cbhn.  v.,  54.  f  Ibid.  XXIT.  aS9« 


ntttj  described  by  Bcrlhollet,  Fourctoj,  and  Vauquc-j  _Chap.  ni. 
lin,  II  was  formerly  known  by  the  name  of  lulpbnre- 
tiuiali  of  Stab/.  It  may  be  formed  by  passing  sulphu< 
lom  acid  intg  a  saturated  solution  of  carbonate  of  potash 
lill  all  eETervcscence  ceases.  The  solution  becomes  hM, 
ind  crysullizes  by  cooUng  *. 

It)  crystals  are  white  and  transparent ;  their  figure,  Propcrcin. 
ihitof  rhomboidal  pUtes.  Its  crystallization  often  pre- 
sents small  needles  diverging  from  a  common  centref. 
Iisspetific  gravity  is  1'586  !■  Its  taste  is  penetratiBg 
and  sulphureous.  At  the  common  temperature  of  the 
atmosphere  it  is  stduble  in  itsowti  weight  of  water,  but 
nuchinore  soluble  in  boiliDg  water.  When  exposed 
to  liie  air,  it  scarcely  changes  its  appearance,  loses  a- 
bout  2{>rr  cent,  of  its  weight,  and  then  is  gradually,  but 
very  slowly,  converted  into  sulphate  of  potasli.  When 
eipoicd  to  a  sudden  heat,  it  decrci;Htates,  loses  its  water 
and  a  portion  of  its  add  i  then  a  quantity  uf  sulphur  is 
disengaged  from  the  remaining  acid,  and  the  residuiuo 
iiHilphateof  potash,  with  a  slight  excess  of  alkali.  Ni- 
tric acid  converts  it  into  sulphate  of  potash  by  imparting 
Oiygen.  So  does  oatymurialic  acid,  but  imperfectly, 
3)  it  drives  oS  a  portion  of  its  acid  unchanged. 

It  decomposes  the  oxides  of  gold,  silver,  mercury, 
tbe  red  oxide  of  lead,  the  black  oxide  of  manganese, 
and  the  brown  oxide  of  iron.  When  the  green  oxide 
of  iron,  or  the  white  oxide  of  ajvenic,  is  boiled  with  it 
m  water,  and  an  acid  added,  aprecip'tate  takes  place, 
consisting  of  these  oxides  united  to  some  sulphur,  and 


"  Fonrcroyind  Vauquelin,  MithoUon'i /ttru/,  L  317. 
I  Ibid.  t  HuMnfialJ,  A'n.  Ji  Cbim.  n*Hi-  »- 


Book  IL     ihe  salt  is  converted  into%  sulphate  ;  at  the  same  time 

'  .     sulphureted  hydrogen  gas  is  emitted. 
CompofU       »  From  a  course^'of  experiments  ivhich  I  have  made  on 
this  salt,  it  follows,  that  its  component  parts  are  in  'tho 
following  pi'oportions : 

43'5  acid 
54*5  potash 
2'0  water 


tlOD. 


<  •' 


lOO'O 

'J  . 


Sfi.  2.     Sui^bite  offhia. 

_  »  _ 

Tfliyalt  was  first  accurately  described  by  Fourcroy 
and  Vauquelin.  It  is  white  and  perfectly  transparent. 
Its  crystals  are  four*sided  prisms,  wit^i  two  very  broad  ^ 
sides  and  two  very  aarrow  ones,  terminated  by  dihedral 
summits.  Its  specffic  gravity  it  2'0566  *•  Its  taste  is 
cool  and  sulphureous.  It  is«o}a)>^  in^ur  times  its 
flight  of  cold  water^  and  in  less  than  its  weigM  of  boil- 
ing water*  By  exposure  to  the  air  it  effloresces,  and  is 
alowly  converted  into  a  sulphate.  When  exposed  to 
hea)  it  undergoes  the  watery  fusion^  and  afterwards  ex« 
bibits  precisely  the  same  phenomena  as  the  sulphite  of 
"potash.  MetaUic  oxides  and  salts  affect  it  precisely  a» 
they 'do  sulphite  of  potash. 

It  is  composed  of  3 1  acid  •, 

18  soda 
51  water 


100 


*  HaisctifraU,  Ann,  dc  Cbim,  UTui.  I). 


Sp.  1.     Stilphitt  of  Ammonia.  ' 

j  Tar*  saU,-was  first  described  by  Foutcroy  and  Vau- 

ijiieIui*-  It  crystallizes  ill  sis-sid«d  prisms,  terrotna- 
wd  b;  six-sided  pyiamiJi  ;  ov  in  four-tided .  rhomboi- 
iial  prions,  lenniiiitced  by  three-sidnl  suiDuitts.  ,  lu 
(ftiie  ii  cool  and  penefntiiig,  like  lliat  of  tbe  otbec  am- 
inoniinl  salts,  but  i^l  leaves  a  sulpburcous  impres^on 
in  ttie  mouth.  It  i«  soluble  iu  its  own  weight  of  cold 
uattr,  and  much  cold  i&  produked.  Its  !<olubility  isiii- 
mt^d  by  heat  ;  so  that  a  saturated  boiling  solut^fi 
crvtiilliacs  on  cooling.  When  eX|)OK:d  to  the  air  it 
aitiacii  moitlure,  and  is  soon  converted  into  a  sulphate. 
Noaher  sulphite  undergoes  this  change  so  rapidly. 
When  heated  it  decrepitates,  a  little  ammonia  is  diseo- 
gigcd,  and  ibe  salt  then  sublimes  in  the  state  of  supcr- 
lulphile  of  ammooia.  Its  babuuilcs  with  metaUfc  ox- 
ides and  salts  are  nearly  the  same  nitb  tbos^of  the 
tbove  described  sulphites,  only  it  is  capable  of  form- 

I       log  with  scvcral^of  them  triple  salts  \. 

■■B|coo^os£d  of.GO  acid  • 

^^^^F  29  Ammonia 

^^^F  11  water 

^^P*^  100 

I  Sf^i.     Sulphite  of  Magnesia. 

I  This  salt  has  oiily  been  examined  by  Fourcroy  and 
''  Vauquelin.  It  is  prepared,  lilcc  the  others,  by  lalura- 
'    tiog carbonate  of  magnesia  with  snlphurous  acidj  avio- 
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• 

IkMvjc  ir.  lent  efTervetcenc^  takes  place,  and  the  liquid  becomes 
tv^rm.  A  he  sulphite  as  it  forms  remains  at  the  bot- 
tom in  the  form  of  a  white' powder  :  Bufif  an  excess 
of  acid  be  added,  it  dissolves,  and  may  be  obtained  in 
crystals  by  subsequent  exposure  to  fhe  air.  Its  crystals 
are  white  aad  transparent,  and  in  the  form  of  Afpressed 
tetrahedrons.  Its  specific  gravities  l*3S02  *.  Its  taste 
is  fliild  and  earthy  tt  first,  and  afjf^watdt  snlphnreons* 
It  becomes  opaque  when  exposed  to  the  air  ;  but  is  very 
slowly  converted  into  a  sulphate.  At  the  temperatuat 
of  dp*'  it  is  soluble  in  20  parts  of  water.  Boiling  wa« 
ter  dissolves  a  greater  proportion  of  it ;  but  the  solution 
crystallines  on  coolings,  ^hen  its  solution  in  water  is 
exposed  to  the  air,  this  salt  is  very  soon  converted  into 
a  sujphate.  By  exposure  to  heat,  it  softens,  swells  up, 
nnd  becomes  ductile^like  gum,  and  loses  0*45  parts  of 
^ts  weight.  Ill  a  atrong  heat  the  acid  is  disengaged, 
and  the  earth  remaita  pure* 
It  is  composed  of.  •  •  •  •  30  acid 

16  magnesia 
•  45  water 

m  ' 

100 

Sp*  5*     Sm^hiie  of  Ammonia^ani' Magnesia • 

This  salt  has  only  been  mentioned  by  Fourcroy .  It 
may  be  formed  by  mixing  together  the  solution  of  sul- 
phite of  ammonia  and  sulphite  of  magnesia,  or  by  pour- 
ing ammonia  into  the'  sulphite  of  magnesia.  Its  crys- 
tals are  transparent,  but  the  figure  has  not  been  deter- 
mined.    It  is  less  soluble  in  water  than  either  of  its 


*  Haueuiraiz,  Ann.  de  Cbim,  xxriiL  I2. 


eaoponcnl  par!).     When  exposed  to  the  air,  it  is  gra-     Chip. IIL 
(lutU/  converted  into  sulphate. 
Ill  other  praperlies  have  not  heen  examined. 

^^^n  Sji.  6.     Sulphitt  of  Linu. 

\        Tnw  snlt  tvas  first  mentioned  by  Berthollet,  and  dc 
scribtti  by  Fourcroy  and  Vauquelin. 

When  obtained  by  the  above  described  process,  ii  has 
the  form  of  a  while  powder  ;  but  if  an  excess  of  sul- 
phurous acid  be  added,  it  dissolves,  and  crystallizes  oa 
(oolbg  in  six-sided  prisms,  terminated  by  long  six-sided 
[ifiainids.  It  has  scarcely  mny  laitc  j  however,  when 
kqit  long  in  the  mouth,  it  communicetes  to  the  tongue 
aUUewbich  is  manifestly  sulphureous.  It  requires 
about  sou  parts  of  water  to  dissolve  it.  When  expo- 
ted  to  the  air  it  effloresces  very  slowly,  and  its  surface 
iichuiged  iDto  sulphate  of  lime.  When  heated,  it  loses 
iti  water  of  crystallisation,  and  falls  to  powder.  A  vio- 
lent beat  disengages  some  sulphur,  and  converts  it  into 
iulpiialE  of  lime. 
Il  is  composed  of     48  acid 

141  lime 
5  nater 


100 


J^.  1.     Sulphitt  of  Barytes 


This  salt  was  mentioned  by  BeTlholIet ;  but  it  was 
first  described  by  Fourcroy  and  Vauquclin.  Whea 
prepared  by  the  above  described  process,  it  is  in  the 
Ittic  of  a  white  powder  i  but  it  may  be  obtained  cry- 
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'?<^n.      stalltied  in  opaque  needles^  or  in  transparent  letrahe- 
^  drons  with  their  angles  truncated,  by  dissolving  it  iti 

aulphnroos  acid  and  evaporating  slowly.  It  has  but 
very  little  taste.  Its  specific  gravity  is  1*6938*.  Ic 
is  insoluble  in  water. 

When  heated  strongly,  sulphur  is  disengaged,  and 
sulphate  of  barytes  remains.     A  long  exposure  to  the 
air  is  necessary  before  it  is  converted  into  a  sulphate. 
It  is  composed  of    39  acid 

59  barytes 
2  water 

100 

Sf.  8.     Sulpbiii  qfSiroHtioH. 
Unknown. 

Sf.  0.     Su/piiie  of  Ahttni$UL. 

This  salt  was  first  formed  by  BerthoUet » it  has  been 
described  by  Fourcroy  and  Vauquelin. 

When  formed  by  the  usual  process  it  remains  in  tb« 
State  of  a  white  powder,  aUd  does  not  crystalliie  though 
dissolved  in  an  excess  of  acid. 

It  is  white  and  soft,  and  has  an  earthy  and  sulphu* 
reous  taste.  It  is  insoluble  in  water.  When  exposed 
to  the  air,  it  is  gradually  converted  into  sulphate.  Its 
solution  in  sulphurous  acid  undergoes  this  change  much 
more  rapidly.  When  heated,  its  acid  disengages,  and 
the  alumina  remains  behind,  mixed  however  with  n 
small  proportion  of  sulphate  of  alumina. 


HMcallrata,  vlMi.d^  CSJ».  ix^i.  lO. 


Ill i)  composed  uf  32  acid 
^L  44  alumina 

^L  24  water 

V  100 

BtJCH  are  the  properties  of  ihe  sulphites,  as  far  as  they 
have  been  hitherto  investigated.  The  following  Table 
(shibils  the  solubility  of  each  in  water,  and  ihc  propor- 
tion of  base  and  water  combined  with  100  acid. 


» 

SolphiEn  of 

c«,»„..       -1 

Add. 

Buc. 

Water. 

Magnesia 

5 

100 

41 

115 

Ammonia 

100 

100 

43-3 

IB'3 

Soda 

25 

100 

58 

104 

Lime 

,  0*13 

100 

9T9 

10-3 

Potash 

ico 

1110 

125 

4-8 

AluiDina 

0 

100 

13T5 

15 

Barytes 

0 

100 

J51 

5-1 

^^HpkBERTO  the  sulphites  have  not  been  applied  to  any 
^fl^lf  we  except  the  sulphite  of  barytcs,  which  Four- 
croy  has  proposed  as  a  lest  of  the  purity  of  suIphuroDs 
•cid,  or  of  its  being  free  from  sulphuric  acid.  If  tire 
nit  occasion  a  precipitate  in  the  sulphurous  acid,  we. 
may  conclude  that  tulphuric  acid  is  present. 


m.  Xfnt 
Siit-runra, 


GtKCs  IX.    Nitrates. 

The  most  imiiortatit  of  the  nitrates  have  been  lor 
known  j  and  in  consequence  of  tlie  singular  pro 
which  they  possess,  no  class  of  bodies  has  excited  great- 
er atlcntion,  or  been  examined  with   more  unwearied 
industry.     They  may  be  distiuguisbed  by  the  follow^, 
ing  properties: 

J.  Soluble  in  water,  and  capable  of  crystallizing  1 
cooling. 

2.  When  heated  to  redness  along  with  combustiU 
bodies,  a  violent  combustion  and  detonation  is  proda 
ced. 

3.  Sulphuric  acid  disengages  from  them  fumu,  v 
have  the  odour  of  nitric  acid. 

4.  When  healed  along  with  muriatic  acid,  oxymiv 
riatic  actd  is  exh.iled. 

5.  Decomposed  by  heat,  and  yield  at  first  oxjgi 
gas. 

The  nitrates  at  present  known  axe  twelve  in  Bumbi 
Few  of  tbem  combine  with  an  excess  of  acid  < 
base,  so  that  there  axe  hardly  any  lapemitrates  or  i 
nitrates. 


Sp.  1.  Nitrate  of  Potash. 

At  this  salt,  known  also  by  the  name  of  laltpitrt,  \ 
produced  naturally  in  considerable  quantities,  partica- 
Urly  in  Egypt,  it  is  highly  probable  that  the  ancients 
were  acquainted  with  it :  but  Karcely  any  thing  certain 
can  be  collected  from  their  writings.  If  Pliny  mentions 
it  At  all,  h0  confouads  it  with  soda,  which  was  known 


NITRATES. 


b»  lh(  names  of  niiroa  a 
(nr,(ii>i  't  lias  been  kii 
Btirorifll.  Roger  Baco 
eediurjr  uniJer  the  name 
No  plicnomcnon  has 
mitil  pliiloMpbers  more  thi 


ruin.  Ii  is  certain,  how- 
a  the  Cut  from  i!aac  im- 
lions  this  salt  in  the  I3ih 


ted  the  atteniion  of  che- 
the  continual  reproduction 
of  niiM  i')  certain  places  after  it  had  been  extracted  froia 
them.  Prodigious  quantities  of  this  salt  are  necessary 
for  tbe  jnirposes  of  war  i  and  as  Nature  has  not  laid 
ap  greil  magazines  of  it,  as  she  has  of  sotnc  other  salts, 
ibii  snnnal  reproduction  is  the  only  source  from  which 
itcMbo  procured.  It  became,  therefore,  of  the  ut- 
moit  consequence,  if  possible,  to  discover  ihe  means 
wfaichnMare  employed  iu  forming  it,  in  order  to  en- 
able as  to  imitate  her  processes  by  art,  or  at  least  to 
acctlcratc  and  facilitate  them  al  pleasure.  Numerous 
anrmpts  accordingly  have  been  made  to  explain  >nd  to 
imiljte  these  processes. 

Slihl,  setting  out  on  the  principle  that  there  is  only 
one  acid  in  nature,  supposed  that  nitric  acid  is  merely 
tulphuric  acid  combined  with  phlo[>iston,  and  that  this 
tembinaUon  is  produced  by  putrefaction  ;  he  affirmed, 
acccidingly,  that  uitre  is  composed  by  uniting  loge- 
tbcr  potash,  sulphuric  acid,  and  phlogiston.  But  this 
opioion,  which  was  merely  supported  by  very  fat- 
feldied  analogies,  could  not  stand  tbe  test  of  a  rigorous 
cxumDaiion. 

Lemcry  the  Younger  accordingly  advanced  aootfaer, 
aStrming,  that  all  the  nitre  obtained  exists  previously 
ia  animals  and  vegetables,  a:id  that  it  is  formed  in  these 
sobtiaoccs  by  the  processes  of  vegetation  and  animaliza- 
lioD.  But  it  was  soon  disc(.vered  that  nitre  exists,  and 
isactuaDy  formed,  in  many  places  where  no  animal  nor 


1 


regclable  substaoce  hid  b«n  decompoml :  and  coi 
>    quenlly  ttiis  theory  was  as  untenable  a^  the  former. 
far  indeed  is  it  iroin  being  true  that  nitre  is  fonnt'd  I 
these  processes  alone,  ibat  the  quantity  of  nitre  in  [jIbE 
has  been  found  to  depend  entirely  on  the  soil  in  wlii 
they  grow  ». 

At  last,  by  tbe  numerous  experiments  of  sevef 
French  philosophers,  particularly  by  those  of  Tlio 
nel,  it  was  discovered  that  nothing  cUe  is  necessary  I 
the  production  of  nitre  but  a  basis  of  lime,  licat, 
an  open,  but  not  loo  free  communication  with  dry  I 
mospheric  air.  Wlien  these  circumstances  combine,  I 
add  is  first  formed,  and  afterwards  the  alkali  maket  lU 
appearance.  How  the  air  furnishes  materials  for  this 
production  is  easily  explained,  now  that  the  component 
pans  of  tbe  nitric  acid  are  known  to  be  oxygen  and  a- 
iXoie  ;  but  how  lime  contributes  to  their  union  it  is  not 
fo  easy  to  sec.  The  appearance  of  tlie  petash  it  equally 
extraordinary.  It  any  Ihing  could  give  countenance  to 
the  hypothesis  that  potash  is  composed  of  lime  and  azote/ 
ii  was  this  singular  fad. 
~'  Nilre  is  found  abundantly  on  tbe  surface  of  the  earth 
in  India,  South  America,  South  Africa,  and  even  in 
some  parts  of  Spain.  In  Germany  and  France, it  is  ob. 
tained  by  means  of  anilicia]  itilrc  beds.  These  consist 
of  li>e  refuse. of  animal  and  vegetable  bodies uodcrgoi tig 
putrefaction,  mixed  with  calcareous  and  other  eanh^. 
It  has  been  ascertained,  that  if. oxygen  g^s  be  presented 
to  azote  at  the  instant  of  its  disengagement,  ni 
il  formed.     This  seems  to  explain  tbe  origin  of 


ttptll 


in  tkic  beds.  The  asote  disengaged  from  tliesc  pu- 
trtfjing  animal  substances  combines  wilh  the  oxygen 
ofifit  ait.  The  potash  is  probably  furnished,  partly  at 
]m%  by  the  vcgelablcs  atid  the  soil. 

The  nitre  is  extracted  from  these  beds  by  lixiviating 
Acesrlby  matters  with  water.  This  water,  when  suf- 
Edenlly  impregnated,  is  evaporated,  and  a  brown  co- 
teurwl  salt  obtained,  known  by  ihe  name  of  era/if  nitres 
Ilconmts  of  nilte,  common  salt,  nitrate  of  lime,  and  va- 
tioas  other  salts.  The  foreign  salts  are  either  separa- 
ted by  repeated  crystallizations,  or  by  wastiing  the  salt 
R^itedty  with  small  quantities  of  water  ;  for  the  fo. 
salts  being  more  soluble  are  taken  up  first, 
fHfe,  lehen  slowly  evaporated,  is  obtained  in  six-  P 
ptismt,  terminated  by  six'sided  pyramids ;  but  for 
mosi  purposes  it  is  preferred  in  kh  irregular  mass,  be- 
cinw  in  that  state  it  contains  less  water.  The  primi- 
tive form  of  its  crystals,  according  to  Hauy,  is  a  rec- 

itirgulsT  octahedroD,  composed  of  two  four-sided  pyra- 
oidi  applied  base  to  base  ;  two  of  the  sides  are  inclined 
to  tbc  Other  pyramid  at  the  angle  of  i2(i°  ;  at  the  other 
moit  the  angle  of  m".  The  form  of  its  integrant 
pulides  is  Ihe  tetrahedron.  The  six-sided  prism  it  the 
mtiit  commoa  f<>rm  which  h  assumes.  Someiimes,  in- 
!t(»d  of  »ix-sided  pyramids,  these  prisms  are  teiroim- 
ted  by  18  facets,  disposed  to  three  ranges  of  six,  as  if 

thiw  truncated   pyramids  were   piled    on  each  other; 

»meilmcs  it  crystallizes  in  tables  *. 
The  specific  gravity  of  nitre,  as  ascertained  by  Dr 

WlltoD,  is  l'»33t.     Its  taste  is  sharp,  bitterish,  aod 


■  Tnili^  ISiainUfpf,  ii  J46. 
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.1. .  \  ^rr  vr  crle.     Ic  Is  soluble  ia  wtvtu  tin 

'.   *%UT  u  :±c  lemperatnre  of  60^,  and 

as.    laa   a  -.urn  weight  of  boiliag  vatcr*. 

-»  -sna  of  water  at  the  tcmpentu 

'.^.rs^  \i  Jie  ipecinc  gravltj  -878,  diiaoiv 

V    .»  v^r.^rjir  \i  uus  lalt,   hot  stronger  di 

of  it  t«     It  is  not  altt 


»i. 


sure  is  exposed  to  a  boilii 
aksQg  with  the  van 
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eriment  in  a  tubulated  earthen  retort,  to  which  an 

■tatus  of  glass  vessels  was  luted.  After  every  por- 
:  and  charcoal  which  they  threw  in,  they 

It  up  the  retort.  The  cnrbonic  acid  and  az.ot!c  gas 
e  disengage^  often  burst  their  apparatus.    To 

I  small  quantity  of  water  ^vhich  they  oblaiDcd  in 

ir  vessels,  they  gave  the  tiame  of  clynut,  and  a»cri- 
btii  [o  it  a  great  many  virtues.  A  itill  more  violent 
dctonatJon  is  produced  by  using  phosphorus  instead  of 
charcoal.  When  a  mixture  of  nitre  and  phosphorus  is 
sDUck  smartly  with  a  hot  hammer,  a  very'riolent  dettv 
Dition  is  produced  *. 

Nitre  oxidizes  all  (he  metals  at  a  red  heat,  even  gold 
Uld  platinum  f. 

The  composition  of  nitre,  according  to  the  most  ex- 
Kl  analyses  hitherto  made,  is  u  ibliows : 
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X 
33 
49 

! 

It 

IT 

Acid 

44 

4fl-T 

52 

Base 

51-8 

53-3 

48 

Water 

18 

4-2 

Total 

100 

100 

100 

100 

these  analyses,  those  of  Kiiwan  and  Richter,  which 


*  BrogmlcUi,  Amt.  it  dim.  mu.  74. 

(  TomUit,  EergnwD,  ind  KTormu. 

t  Bctpnao.L  1J5.  }  K>rwiui,Micb(ilMa'i  ^n 

\  Wenid't  Tirutmilnh'fi,  p.  %9. 


--srf"  T  -i-: reach  much  more  to  ac« 
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-  .     -•\rrjzi  of  Soda* 

is     :*=ir«c  at  firsi  by  distilling  a  mix- 

»_Li*: .     4^    3  ::::ric  acid  in  a  retort,  dissol- 

-«w  :s     I   vvser,  and  evaporating.      It  was 

».— .  -M  is  cccasiooallj  mentioned  by  the 

■-:r»   rf  ihc  early  part  of  the  last  century  ; 

■lir;:r-ii  who  first  analysed  it,  pointed  out 

.&  TTvcurlng  it  in  a  state  of  purity ,  and  de* 

.  ^-^     ?   -rrwrtics  with  accuracy  *.      His  experi* 

.»..^   •»«  iitrrwards  repeated  by  Dr  Lewis +. 

Lm  *  .>:  prepared  by  direct  solution,  or  by  mixing 
../-c  .i  1  UK  and  sulphate  of  soda  together,  filtering 
.".  ^lU-v-o,  and  evaporating.  The  crystals  arc  trans- 
iod  have  a  rhomboidal  form.  This  salt  is  of  the 
m*  gravity  2*0904 1-  It  has  a  cool  sharp  taste, 
^«.  >  ?cmewhat  more  bitter  than  nitre.  It  is  soluble 
a  iouiit  ihree  parts  of  water  at  the  temperature  of  GO**, 
a  ts  «WQ  weight  of  water  at  the  temperature  of  126^  §^ 
mi  m  ItfM  than  its  weight  of  boiling  water.  When 
cft^oacil  to  the  air  it  rather  attracts  moisture.  Its  phe^ 
aiMDeiM  in  the  fire  are  the  same  with  those  of  nitre,  ex* 
«*«pcuif  that  it  does  not  melt  so  easily. 

Tbe  following  Table  exhibits  the  result  of  the  expe« 
lis  hitherto  made  to  ascertain  its  constituents  : 
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•  Ofma,  ii.  33  r.  f  Phii.  Co«.  p.  64;. 

LHaNorfirits,  Amm,  it  Chim  si^iii.  la. 
f  Wenscl.  p.  3091 
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t    1    s 

«    1 

Acid 

43 

53-21 

5T35J    62-1 

fl2-5 

Base 

32 

40 -S  3 

42-+5J    3T0 

3T5 

yv.«r 

25 

- 

1 

Tottl 

loolioo      lirjo      lioo     lioo     | 

3^.  3.     Niiratt  of  Ammonia, 

This  salt  has  been  long  known:  It  was  formerlj 
Jill iagiii  shed  by  the  names  of  nitrttm  .remivoiatUe  and 
mnmjiummatti.  Bcrlhoilet  examined  it  in  (he  conrse 
of  hi)  experiments  on  the  compoiicnl  parts  of  nitric 
Mid:  and  Mr  Davy  has  added  considerably  to  our 
knowledge  of  its  composilion  and  decomposition  IJ.  It 
miiy  be  prepared  by  dissolving  carbonate  of  ammonia 
in  diluied  nitric  add,  and  evaporating  ibi-  solution  till 
Ik  5^1  crystallizes. 

The  appearance  of  this  salt  varies  very  much,  accord-    I 
irg  to  the  tetnperature  at  which  iia  solution  is  cvapora- 
Itd,    In  a  moderate  heat,  70"  or  lOO"  for  instance,  and 

C  coaling,  it  is  obtained  in  six-sided  prisms,  ter- 
by  long  six-sided  pyramids.  When  the  solu- 
iti 
li 
=1 
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tJM  Mmpcdturc  nf  400^. 
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iuppears  that  these  products  are  nearly  in  the  propor-  ^ 
tion  offourpansofgas  to  three  parts  of  water".  When 
ii  is  exposed  to  a  heat  above  fiCU",  ihis  salt  explodes, 
md  is  totally  decomposed,  heitig  converted  into  nitrons 
aciJ,  nitrous  gas,  water,  and  azotic  gas.  This  pheno- 
meotm,  observed  long  ago,  induced  the  older  chemists 
logive  the  salt  the  name  t>i nilntm  ftamrnvm.  The 
nwure  of  the  decomposition  was  first  ascertained  by 
fietthollet,  itnd  more  lately  it  has  been  examined  by 
Mr  Davy. 

The  following  Table  exhibits  the  constituents  of  this 
silt  according  to  the  experiments  hitherto  made  upon 
it  by  chemists : 


t     |t     1      « 

II    1    11 

11 

Add 

46  [    51 1  64-3 

i)9'5       12-i 

14  5 

Walir 

40 j     23  1   32-1 
14  j     20  j      3-4 

16-4   [  la-a 

12-1     1      8-2 

3-T 

ToUl     1  lOO  1  100  100        llOQ         1100 

100 

Sp.  4.     Nitrate  of  MapKsia. 

Tbe  composition  of  this  salt  was  first  ascertained  by 

Dr  Black.    Bergman  is  the  only  chemist  who  has  given 

a  del&iled  description  of  it.       It  is  usually  prepared  by 

ssturating   nitric  actd   with  magnesia,  and  evaporating 

^1  p.  105.  t  Fourcray,  ii?.  196.  Btigl.  Tnllt. 

Q,NIchiJicHi*i  /«r-  ai.  irj.  (  Wcoier,  p.  83. 

,  _  .   ,  I  Ruiarchit,  p.  71.    Tn  the  Gnt  of  (h«e  walyici  ihc  a)c  wai 
ftiaKUiCi  ici  ihc  wcond  fibroni,  and  in  the  thirtl  cuinpicr. 
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-■-.      T':e  sil:  crvitili-f- •<;   aw'. 

^  .•.!!  2^s  ia  riiomboiii.ii    pi^rr? 

-.-...5  a-:ac:»':J  to  ov.e  anoTli'/r.     i: 

i^  iiai^r^e^ble.      Its  siJccifiL  kira 

.--  ..  ;  :*  i:  is  soluble  in  HmIl*  mon 

■f-.  iii  <-iil  more  soluble  i:i  boiJ- 

j:  .-'...:■  '^\)  dis^^olvcs  *tli  of  it; 

.-   r  ;o.;^etl  to  tilt   iiir  it   *'raJuallv 

.    :-  .  jucsces.       V/iicri   heated,  ii 

■    fj^in;  anil   wbcn    its   watt-r  :> 

.?  :.ie  I'orm  of  a  ciiy  pov\\L*r.      In 

:  ;  i:::lc  ox'.eeii  i^i^  thou  riitrouv; 
-  i.iJ  ;  a:ul  the  earth  remains  be- 

:  :v  r.      It  scare;:! V  dcri.irii'.s  with 

\-t  bodies. 

:1*  exhibits  the  consliiui'nts  uf  ihr- 

jiaivscs  of  different  chemists  * 
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Chap.in. 

Sp.  5.     Nitrate  of  Lime.  '*     V     ■■' 

This  salt  has  been  long  known  to  chemists.  Natire 
QJtre  is  almost  always  contaminated  with  it.  It  may  be 
prepared  by  dissolving  carbonate  of  lime  in  nitric  acid ; 
evaporating  the  solution  to  the  consistence  of  a  syrupy 
and  then  allowing  it  to  cool  slowly •,  The  salt  is  ^fe- 
cipitated  in  the  state  of  crystals. 

Its  crystals  are  six-sided  prisms,  terminated  by  long  J^P«rt*<«« 
pyramids ;  but  it  4S  oftener  obtained  in  the  form  of 
long  slender  brilliant  needles.  Its  taste  is  very  acrid 
and  bitter.  Its  specific  gravity  is  1*6207  *•  Scarcely 
anj  salt  is  more  soluble  in  water.  At  the  temperature 
of  60^,  one  part  of  water  dissolves  four  parts  of  nitrate 
of  lime,  and  boiling  water  dissolves  any  quantity  of  it 
whatever.  Boiling  alcohol  dissolves  its  own  weight  of 
itf.  Considerable  difHculty  attends  its  crystallization, 
as  is  the  case  with  all  very  soluble  salts.  When  expo- 
sed to  the  air,  it  very  soon  attracts  moisture,  and  melts 
altogether.  This  strong  affinity  for  moisture  renders  it 
sometimes  useful  for  drying  the  gases.  They  are  made 
to  pass  through  tubes  containing  dried  nitrate  of  lime  ; 
and  this  salt,  daring  their  passage  through  it,  abstracts 
peat  part  of  the  water  which  they  hold  in  solution. 

This  nitrate,  when  heated,  readily  undergoes  the  wa- 
tery fosion.  When  the  water  of  crystallization  is  eva- 
porated, the  salt  becomes  dry,  and  often  acquires  the 
property  of  shining  in  the  dark.  In  that  state  it  wis 
formerly  known  by  the  name  of  Balduin*s  phosphorus  ^ 
becanse  this  property  of  nitrate  of  lime  was  first  point- 
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f'Ita«eafti|s,  JUm.  dt  Chim,  zsTiii.  la.  f  Bcrgtnaii)  i.  136. 
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■m  rrr-rglj  heated  it  is  dc- 
T^s  T-is^  and  azotic  gas  are 
Tsaics  behind.  This  salt 
7j  of  detonating  with  com- 
5  probably  of  the  great 
z  r^rsullization. 
•siibifs  the  result  of  the  expc- 
znt  constituents  of  this  salt. 
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§ 

II 

■■- 

57-44 

d3'9 

66-2 

•  --* 

25 

32*00 

3d'l 

33-5 

•   "..JT 

1    10-56 

1 

"■••XI 

ItO 

100 

100         100 

:r  5;rwan  seems  to  be  the  most  accurate 
T-ii  3f  Richter  dificrs  very  little  from  it. 

Sp»  6.     Nitrate  of  Barytes. 

".^4*  -al:  was  formed  immediately  after  the  disco- 

«f  V  ^»4  jkTTtes.     Vauquelin  has  lately  added  consider- 

.tftr  :u  aur  iuowledge  of  its  properties.     It  is  usually 

c|2«n9d  by  dissolving  native  carbonate  of  bary  tes  in  ni. 

i  ^cso.  or  by  decomposing  sulphuret  of  barytes  by 

.^lios  of  citric  acid,  and  evaporating  the  fdtered  solu. 

tuMt  uii  :he  nitrate  crystallizes. 


nc 


•  K!«  accoont  of  it  wii  publifhed  in  1675,  under  the  title  of  Ph»spUr,t» 
.4ir.«,te-4,  ..-J  Maimet  Lumimaris,     Sec  aho  Plil.  Trans,  Ab.  ii.  368. 

•  Bcnpnai,  i.  136.  X  Kirvan,  Nicholson*!  Jour.  ii.  ^1$, 
4  K^»r,  StJitjve  Cli'mrjue,  i.  p.  136.  fj  Wcnzcl,  p.  84. 
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lis  cryslals  arc  regular  octahedrons,  and  often  they  ad- 
ticre  [o  each  other  in  the  form  of  stars.  Sometimes  it 
IS  obtained  in  small  brilliant  plates.  Its  specific  gra. 
tity  is  2'0149  '.  It  is  very  easily  reduced  to  powder, 
lu  taste  is  hot,  aciid,  and  austere.  It  is  soluble  in 
^S  parts  of  water  at  the  temperature  of  (iO°,  and  in  b- 
lioui  three  or  four  pans  of  boiling  water.  As  the  joln- 
lioti  cools,  the  salt  may  be  obtained  in  crystals.  It  is  but 
little  altered  by  exposure  to  the  air.  When  thrown  on 
burning  coals  it  decrepitates,  undergoes  a  kind  of  fa- 
Uon,  and  ibeo  becomes  drj.  When  strongly  heated  in 
a  crucible,  the  whole  of  the  acid  is  gradually  drirea 
.off,  andlhebarylcs  remains  pure.  It  detonates  less  vioa 
leodywiih  combustibles  thaa  most  of  the  other  ni- 
trnet. 

The  constituents  of  this  salt  have  been  determined  by 
cbemisu  as  in  the  fallowing  Table. 
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of  Slrontian. 


I   Tbis  salt  was  first  formed  by  Dr  Hope } 
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••aitn. 

DnritMfrfir. 


Propertlct. 


wtrdt  exivmed  hy  Klaproih  and  Pellctier ;  but  the  moat 
complete  detcripdon  of  it  was  pufbtished  by  Vaaqoeliii 
about  the  end  of  the  year  1791  *.  It  may  be  prepared 
either  by  dissolving  carbonate  of  strontian  in  nitric  acid, 
or  by  decomposing  sulphuret  of  strontian  by  means  of 
that  acid.  The  solution  is  to  beevaporaied  to  drjmett, 
reiissolved  in  water,  and  evaporated  slowly  (ill  the  salt 
crystalliEes. 

Nitrate  of  strontian  crystallizes  in  regular  octahedrons^ 
not  ttnlike  the  crysuls  of  nitrate  <3»f  barytes*  It  has  a 
strong  pungent  cooKng  taste.  Its  specific  gravity  ii 
3*00^  It  is  soluble  in  its  own  weight  of  water  at  tlie 
temperatore  of<lC»  and  in  little  more  than  half  its 
weight  of  boiling  water.  It  is  insoluble  in  akohel.  In 
a  dry  air  it  effloresces,  but  in  a  moist  air  it  deliquesces. 
It  deflagrates  on  hot  coals.  Subjected  to  heat  in  a  cruci- 
ble, it  decrepitates  gently,  and  then  melts.  In  a  red 
heat  it  boils,  and  the  acid  is  dissipated.  If  a  combusti- 
ble substance  be  at  this  time  brought  into  contact  with 
it,  a  deflagration  with  a  very  vivid  red  flame  is  pro- 
duced f.  It  is  by  means  of  this  decomposition  that 
strontian  is  obtained  in  the  greatest  purity.  When  a 
crystal  of  nitrate  of  strontian  Is  put  into  the  wick  of  a 
candle,  it  communicates  a  beautiful  purple  flame. 

Its  constituents  have  been  ascertained  by  different 
chemists  as  follows : 
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*  Jcar,  de  Mlm,  An.  Ti.  7. 


f  Hope,  £(fi«.  TrMns,  tv.  19. 
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Water 
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Total 
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100 

^^^KfSp.  9.      Nitrate  of  ^rnmonia'arid-Magtusia.                   ^^^^^H 
Tills  salt  WBs  first  dcBcribed  by  Fourcroy  in  1790.  It 
loaj  be  prepared  by    mixing  togeiber   the  solutions  o 
ailraie  of  ammonia  and  nitrate  of  magnesia,  or  by  dc- 
mmpoiing  either  of  these  sails  in  pan  by  the  base  of 
ih(  otlier.     When  ihe  two  sails  are  mixed  together,  the 
iiilixic  of  ammonia-and-mHgnesia  gradually  pnciphatet 
in  crjjtils. 

!i3vc  a  bilter  acrid  ammoniacal  lasle.     They  are  solu- 
ble ai  CO"  in  about  11  pans  of  water  ;  but  boiling  wa- 
ter  dissolves  a  greater  proportion  of  them.     When  es- 
pcsed  10  the  air,   ihey  gradually  attract  moisture  ;  but 
niucli  more  slowly  than  either  of  their  component  parts. 
The  phenomena  which  this  compound  exhibits  when 
huied  are  simitar  to  those  which  its  component  parts 
1      extiibit  in  like  circumstances.     According  to  Fourcroy 

■^^gDinposed  of 18  nitrate  of  magnesia                         ^^^^^| 

^^Hf                                  22                                                              ^^^^1 

^^^H 

(f  ;»  Clin 

lOT.  Ill  »tj. 

'h.  An-  vl.  w- 

A«it.  ii  dim.  iv.  3I5.                                 ^M 
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Hook  M. 
DiriiifinlK. 


Sj>.  0.     Nitrate  of  jUmminu. 

Though  this  salt  has  been  known  to  chemtttt  for 
many  years  past,  it  has  not  hitherto  been  examined  with 
{precision.  It  is  prepared  by  dissolving  alnmina  in  ni- 
tric acid,  and  evaporating  the  solution  till  the  salt  crys- 
tallizes* This  salt  always  contains  an  excess  of  acid, 
and  is  therefore  out  of  the  few  tupemiiraiet  with  which 
we  are  acquainted. 

It  crystallizes  with  great  difireulty  inlhin  tofk  plates, 
which  have  1>ut  little  brilliancy.  This  salt  has  an  acid 
and  astringent  taste.  Its  specific  gravity  it  1*045  *•  It  * 
IS  exceedingly  soluble  in  water,  and  when  evaporated  is 
converted  into  a  glutinous  mass  of  the  consistence  of 
honey.  It  often  assumes  on  cooling  the  form  of  a  jel- 
ly. When  exposed  to  the  air,  it  very  soon  attracts 
moisture  and  deliquesces.  When  heated,  the  add  i« 
disengaged  with  great  facility,  and  the  earth  remains 
behind  in  a  state  of  purity. 

5p.  10.    Nitrate  of  Tttrta. 

This  salt  was  first  formed  by  Mr  Eckeberg :  it  has 
been  more  lately  examined  by  Vauquelin.  It  may  be 
prepared  by  dissolving  yttria  in  nitric  acid.  The  sola* 
tion  has  a  sweet  astringent  taste,  and  in  most  of  i^s  pro* 
perties  agrees  with  nitrate  of  glucina.  Like  it,  this  salt 
can  scarcely  be  obtained  in  the  state  o^  crystals.  If,  du- 
ring tlie  evaporation,  a  heat  somewhat  too  strong  be 
applied,  the  salt  becomes  soft,  and  assumes  the  appear- 
ance of  honey,  and  on  cooling  becomes  hard  and  brittle 
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like  a  sione.     When  exposed  to  the  air,  it  very  soon  at-    Cnip.  ni. 
incis moisture,  and  deliquesces.      When  sulphuric  acid 
is  poured  into  thissolution,  crystals  of  sulphate  of  yltria 
I1O11II7  precipitaSed  *. 

Sf.  lu.    Nitrate  o/GJucitia. 

This  salt  was  first  descrihec)  by  Vauquelin.  It  is 
prepared  by  saturating  nitric  acid  wjili  glucina.  When 
ihis  soluiioti  is  evaporated  by  mesus  of  a  low  heat, 
iheiilt  gradually  assumes  the  form  of  a  powder,  but 
rinnot  be  obtained  in  the  stale  of  crystals. 

iKtusteis  sweet  and  astringent.  It  is  exceedingly 
lolnblein  water;  so  much  so  indeed  that  it  is  very  dif- 
ficult 10  obtain  it  in  a  dry  state.  When  evaporated,  it 
btcomes  thick  and  glutinous  like  honey.  When  expn- 
led  lo  the  air,  \\  attracts  moisture  very  rapidly.  When 
kated,  it  readily  melts  ;  and  if  the  heat  be  increased, 
Jie  acid  escapes,  and  leaves  the  earth  in  a  state  of  pu- 
rity. When  tincture  of  nut-galls  is  dropt  into  a  solu- 
lioDofihis  sail,  a  yellowish  brown  precipitate  imme- 
diJitiy  appears-  N  iirate  of  glucina  may  be  readily  di- 
ilinguished  from  nitrate  of  alumina  by  this  property. 
The  proportions  of  the  component  parts  of  this  salt 
hjve  not  hitherto  been  ascertained.  » 

Sp.  II.   Nitratt  of  Zirconia. 

This  salt  was  first  formed  by  Rlaprolh.  Vauquelin 
litt  jivcn  us  a  detailed  description  of  it.  It  may  be  ea. 
HKbnued  by  pouring  nitric  acid  on  newly  precipita- 
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SALTS. 

ins  aa  excess  of  acid.  By  eraporating^ 
aaoaparent  matter  is  obtained,  ezceedinglj 
▼iacid,  and  which  dries  with  difficulty. 
3a  UK  Jttringent  taste,  and  leaves  on  the  tongue  a 
^:kt;ui  :ziancr,  owing  to  its  being  decomposed  by  the 
•auva.  It  is  only  very  sparingly  soluble  in  water;  the 
^;Eeatea£  part  remains  under  the  form  of  gelatinous  and 
xasspirent  lakes.  Like  all  the  other  salts  into  which 
arvmus  cnurs,  it  is  decomposed  by  boat.  It  is  decom- 
yiT'ii  ^ho  by  sulphuric  acid,  which  occasions  a  white 
grecipiiace  soluble  in  excess  of  acid ;  by  carbonate  of 
MMnftia,  which  produces  a  precipitate  soluble  by  add* 
lag  xaore  carbonate  ;  and  by  an  infusion  of  nut*galls  in 
akokol,  which  produces  a  white  precipitate  soluble  in 
aa  excess  of  the  infusion,  unless  the  zirconia  contains 
iroo  ;  in  which  case  the  precipitate  is  a  greyish  blue, 
aad  part  of  it  remains  insoluble,  giving  the  liquor  a  blue 
colour.  This  liquor,  mixed  with  carbonate  of  ammonia^ 
produces  a  matter  which  appes^rs  purple  by  transmitted 
light,  but  violet  by  reflected  light.  Gallic  acid  also 
precipitates  nitrate  of  zirconia  of  a  greyish  blue,  but  the 
colour  is  not  so  fine.  Most  of  the  other  vegetable  acids 
decompose  this  salt,  and  form  combinations  insoluble  ia 
#rater  *. 


All  the  alkaline  and  earthy  nitrates  have  the  proper^ 
ty  of  dissolving  in  water.  Of  course  the  second  divi* 
stoa  of  this  genus  does  not  exist. 


^udiBj  ylwi.  it  Chim,%»iL  199. 
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Seen  ire  (he  properties  of  the  nitrates.  The  follow- 
lOgTsble  exhibits  iheir  solubility  in  water,  and  the 
ptopOTtion  of  their  constituents  which  seems  most  cor- 
rect, tbc  acid  being  always  supposed  lOO. . 
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f^mmunta 
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33 
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100   116*80 

105-3 

Potash 

14-3 

100  iiri 

S-l 

Barytes     I       8-3 

100  nsM2 

34-3 

Tbe  solubility  of  these  nitrates  in  alcohol  has  no: 
fccenemnined  with  precision.  In  alt  probability  pure 
skohol  will  not  be  found  capable  of  taking  up  a  >i?:i- 
stble  quantity  of  any  of  them,  except  those  which  are 
very  tolnble  in  water,  as  nitfates  of  lime  and  magnesia. 


Bt  far  the  most  important  of  all  the  nitrates  is  com-    ,,^. 
ana  jai/ptlrt,  or  nitre.       Indeed  few  of  the  rest  have 
been  applied  to  any  useful  purpose  except  in  cbemii'Bl 
analjtM. 


/ 


?V^  8AXTS. 


iJ«Hk  IT.  Ij  furnishes  all  the  nitric  acid  in  all  Its  states  employ- 
<  M  — '  ed  cither  by  chemists  or  artists.  When  burnt  with 
tartar  it  yields  a  pure  carbonate  of  potash.  la  the  as- 
saying of  various  ores  it  is  indispensable^  and  is  equally 
necessary  in  the  analysis  of  many  vegetable  and  animal 
substances.  But  one  of  the  most  important  compounds 
Gunpow-  formed  by  means  of  nitre  is  gunpowder ^  which  has  com- 
pletely  changed  the  modem  art  of  war.  The  discoverer 
of  this  'compound,  and  the  person  who  first  thought  of 
applying  it  to  the  purposes  of  war,  are  unknown.  It  is 
certain,  however,  that  it  was  used  in  the  14th  century. 
From  certain  archives  quoted  by  Wiegleb,  it  appears 
that  cannons  were  employed  in  Germany  before  the 
year  1372.  No  traces  of  it  can  be  foiyid  in  any  Euro- 
pean author  previous  to  the  I3th  century  $  but  it  seems 
to  have  been  known  to  the  Chinese  long  before  that 
period.  There  is  reason  to  believe  that  cannons  were 
used  in  the  battle  of  Cressy,  which  was  fought  in  134C. 
They  seem  even  to  have  been  used  three  years  earlier  at 
the  siege  of  Algesiras  ;  but  before  this  time  they  must 
have  been  known  in  Gerzpany,  as  there  is  a  piece  of 
ordnance  at  Amberg,  on  which  is  inscribed  the  year 
1303.  Roger  Bacon,  who  died  in  1202,  knew  the 
properties  of  gunpowder  ^  but  it  does  not  follow  that  he 
^as  acquainted  with  its  application  te  fire«arms  *. 

Gunpowder  is^ composed  of  nitre^  sulphur,  and  char- 
coal reduced  tcv  powder,  and  mixed  intimately  with, 
each  other.      The  proportion  of  the  ingredients  varies 
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very  considerably  ;  but  good  gunpowder  may  be 
posed  of  the  following  proportions  *. 

16  pans  nitre 

IS  charcoal 
O  lulphur 


ino 
These  ingredienl*  are  first  redncfd  to  a  fine  powder  s«- 
pstrtiely,  ijien  mixed  miimafcJy,  and  formed  into  a  ihick 
paste  witli  water.  After  this  hsu  dried  a  little,  it  it 
placed  upoo  a  kind  of  sieve  full  ofsmall  holes,  through 
which  it  il  forced.  Bv  that  process  it  is  divided  into 
grains,  the  size  of  which  depends  upon  the  size  of  the 
holes  ihroLii;li  which  they  have  been  siincezed.  The 
powder,  when  dry,  is  put  into  barrels,  which  are  made 
lo  turn  round  oti  their  ases.  By  this  motion  the  grains 
of  gunpowder  rub  against  each  other,  their  asperities 
are  worn  off,  and  their  surfaces  are  made  smooth.  The 
powder  is  then  said  to  be  glazed. 

Gunpowder,  as  is  well  known,  explodes  violently 
wbea  a  red  heat  is  applied  to  it.  This  combustioo 
takes  place  even  in  a  vacuum  ;  a  vast  quantity  of  gas 
isemited,  the  sudden  production  of  which  is  the  cause 
of  all  the  violent  effects  which  this  substance  produces. 
*nieir  combustion  is  evidently  owing  to  the  decomposi- 
tioo  of  the  oitre  by  the  charcoal  and  sulphur.  The 
products  are  carbonic  acid  gas,  azotic  gas,  sulphurous 
■ad  gst,  and  probably  sulphureted  hydroi^en.  Mr 
Cntickshanks  has  ascertained  thatno  perceptible  quatiti- 
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•.  equal  parts  of  tartar  and  nitre,  deflagra- 


li..**.*.  n..^,  NKhi)lson'5  jcurt'u',\\\  a??. 


tfd  in  a  crucible,  is  known  by  the  name  of  white  flux. 
ll  ismerelya  mixture  ofcarbonate  of  potash  with  some 
pnrc  potash.  When  two  parts  of  tartar  and  one  of  nlire 
are  dellagraled  in  this  manner,  the  residuuin  is  called 
hlackfiux  from  it«  colour.  It  is  rocrdjr  a  mixture  of 
charcoal  and  carbonate  of  potash. 


Geni 


1  X.  Nitrites. 


The  existence  of  these  salts  was  first  pointed  out  by 
Bergman  and  Scheele  ;  the  two  philosophers  to  whom 
we  are  indebted  for  the  first  precise  notions  concerning 
the  difference  between  nitric  and  nitrous  acids.  They 
cannot  be  formed  bj  combining  directly  nitrous  acid 
with  the  different  earthy  and  alkaline  bases;  nor  iiave 
any  esperimenls  made  to  combin*  nitrous  gas  with  the 
nitrates  been  attended  with  success. 

The  only  method  of  obtaining:  these  salts  at  present  ^f'"™' j 
known  is  that  which  was  long  ago  pointed  out  by  Berg- 
nian  and  Scheele  ".  It  consists  in  exposing  a  nitrate  lo 
a  pretty  strong  heat  till  a  quantity  of  oxygen  gas  be 
disengaged  from  il.  What  remains  in  ihc  reiorl  after 
this  process  is  a  nitrite  i  but  the  length  of  time  ne- 
cessary for  producing  this  change  has  not  yet  been  as- 
oeruined  with  any  degree  of  precision.  If  the  heat  be 
applied  too  long,  the  nitrate  will  betoially  decomposed, 
and  nothing  but  llie  base  will  remain,  as  happened  lo 
some  ofOie  French  chemists  on  attempting  to  repeat 

E  process  of  Bergman  and  Scheele. 

HittilC  ofj^Ot^sb  is  the  only  salt  formed  by  this  prc- 
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Book  TT.     cess,  af  which  am  account  has  been  riven.    Scheete's 

Dtvuionlll.  j  ....  . 

^'— ^    proptss   for  obtaining  it  is  as  follows:  Fill  a  smalt  re* 

f^cheele.  ^^^^  ^'^^  nitre,  and  keep  it  red  hot  for  half  an  hour. 
When  It  is  allowed  to  cool,  it  is  found  in  the  state  of  a 
nitrite.  It  deliquesces  when  exposed  to  the  air,  and 
red  vapours  of  nitrous  acid  are  exhaled  when  anj  other 
acid  is  poured  upon  it. 

As  the  nitrites  have  never  been  examined  bj  che- 
mists, and  as  it  has  not  even  been  determined  whether 
any  considerable  number  of  the  nitrates  can  be  convert- 
ed  into  these  salts,  it  would  be  in  vain,  in  the  present 
state  of  our  knowledge,  to  attempt  a  particular  deacriiH 
tton  of  them.  It  may,  however,  be  considered  as  ex- 
ceedingly probable  that  no  such  salts  as  the  nitrites  of 
aronu>nia,  glucina,  yttria,  alumina,  and  zirconia,  exfst 
br  can  ht  formed,  at  least  by  the  process  of  Scheele  and 
Bergman  ;  for  the  nitrates  with  these  bases  are  decom- 
posed completely  by  the  action  of  a  heat  too  moderate 
to  hope  for  the  previous  emission  of  oxygen  gas. 

From  the  few  observations  that  have  been  made,  it 
may  be  concluded  that  the  nitrites  are  in  general  deli- 
quescent, very  soluble  in  water,  decomposable  by  heat 
as  well  as  nitrates  :  that  their  taste  is  cooling  like  that 
of  the  nitrates,  but  more  acrid  and  nitrons :  that  by  ex* 
posufe  to  the  air' they  are  gradually  converted  into  ni-> 
trates  by  absorbing  oxygen  ;  but  this  change  takes  place 
exceedingly  slowly  *. 

IVfr  Tennant  has  shown  that  the  nitrite  of  potash  has 
the  property  of  precipitating  gold  from  its  solutions  in 
the  metallic  state,  the  nitrous  acid  absolving  the  ox- 
ygen of  the  oxide. 


3S 
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This  ciiTJoils  fact  explains  why  gold  Or  planniina> 
^swlved  bj-  fusion  wi^h  nilre,  is  thrown  down  in  ihc 
metallic  slate  if  the  mass  be  dissolved  in  water,  as  Mr 
lant  has  shown  to  happen  *. 


Genus  XT.  Oxy  muriates. 


Whm  the  oxytnuriatic  acid  is  mixed  with  the  alka- 
line or  earthy  bases,  dissolved  or  suspended  in  water, 
it  is  decomposed,  and  resolved  into  muriatic  and  hyper* 
oxymuriatic  acid,  each  of  which  <ximbines  wilh  a  por- 
tion of  ibe  base.  By  this  process  we  obtain  muriates 
and  hyperoxy muriates,  but  no  combination  of  oxyrau- 
rtalic  acid  and  a  base.  The  case  seems  to  be  different 
when  oxymuriaiic  add  gas  is  passed  over  the  dry  bases. 
It  does  not  seem  to  undergo  any  decomposition,  but  tL< 
unite  luiaUered  with  tlie  base.  This  is  the  only  method 
at  present  known  of  obtaining  ihe  oxymuriales. 

As  no  set  of  experiments  has  been  hitherto  published 
upon  this  subject,  we  are  but  imperfectly  acquainted 
with  the  properties  of  the  oxymuriates.  The  only  one 
which  1  have  bad  an  opportnrviiy  of  seeing  is  the  oxy- 
mtniaie  of  limr,  prepared  by  Messrs  Tenasnt  and  Knox 
of  Glasgow  for  the  bleachers.  , 

It  is  a  while  powder  of  a  hot  disagreeable  taste,  and 
a  smell  somewhat  resembling  that  of  sea-ware.  When 
faefeted,  it  gives  out  oxygen  gas  j  but  if  it  be  mixed  with 
•niphuric  acid,  oxymuriatic  acid  gas  is  disengaged  by 
the  heat  of  a  lamp.  It  dissolves  readily  in  water  ;  but 
the  sohitiott  gradually  emits  bubbles  of  oxygen  gas,  and 


•  Nitholroo'i  5«flr((  Jiur. 
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that  its  oxygen  combines  wiih  llie  olher  f" 
of  acid,  and  forms  what  lie  termed  hyperixygt. 
noted  mariatie  add  j  of  course  the  snlts  obtaioed  src 
hyperoxypenated  muriate  and  common  muriate  '. 
Though  this  theory  was  probable,  it  remained  suppon- 
ctl  merely  by  probable  evidence,  iiU  the  analytical  skill 
of  Mt  Chencvix  demonstrated  ils  Irutli. 

The  hyperoxy muriates  may  be  dtllinguished  by  the 
£a]towing  properties; 

1.  When  raised  to  a  low  red  hear,  they  give  out  %  Chiracier^ 
great  quantity  of  osygea  gas,  and  are  converted  into 
cooiinon  muriates. 

a.  When  mixed  with  comfiustibles,  ihey  detonate 
'ilh  much  greater  violence  than  the  nitrates.  This  dc- 
tooalion  is  occasioned  not  only  by  heat,  but  by  friction 
percussion,  and  often  tnkes  place  spontaneously. 
.  Soluble  in  water,  and  some  of  them  in  alcohol. 
4.  The  acid  is  expelled  from  them  in  yellow  or  green 
fumes  by  sulphuric,  nitric,  and  muriatic  acids  without 
heat  ;  a  little  below  a  boiling  heat  by  phosphoric,  oxa- 
lic, tartaric,  citric,  and  arsenic  acids  ;  but  they  are  not 
acted  on  by  benioic,  acetic,  b oracle,  prussic,  and  carbo- 
nic acids.  Those  vegetable  acids  which  are  powerful 
enough  to  decompose  them  give  out  towards  the  end  a 
gas  of  a  peculiar  nature,  which  has  not  so  much  smell 
as  cxymuriaiic  acid,  but  which  affects  the  eyes  in  a  pe- 
culiar manner,  and  promotes  an  uncommon  and  ratlicr 
painful  secretion  of  tears.  This  gas  has  not  been  ex 3- 
led,  because  ill  separation  is  aticadcd  with  an  e.xplo- 
raplnre  of  ihe  vcsselsi-. 
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Boftk  II 
UivMMMlil.  Sp.  1.  Hypcroxy muriate  ofp{>tasb. 

This  extraordinary  salt,  first  formed  bj  Berthollct  % 
has  been  since  examined  by  a  great  number  of  chemists. 
Lavoisier,  Dolfuzf,  Van  Mons,  Fonrcroy  and  Vau* 
qoelin  Xf  Hoyle  $,  Chenevix,  &c.  have  investigated  its 
properties,  and  discovered  many  of  the  singular  effects 
which  it  produces.  It  is  prepared  by  dissolving  one 
part  of  carbonate  of  potash  in  six  parts  of  water,  put- 
ting  the  mixture  into  a  Woulfe|s  bottle,  and  saturating 
.  the  potash  with  oxymuriatic  acid  gas  ||*  When  the  sa* 
turation  is  nearly  completed  the  oxymuriate  falls  down 
in  crystals.  It  may  be  purified  by  solution  in  boiling 
water.  As  the  water  cools,  the  pure  hyperoxymuriate 
crystallizes.  The  crystals  are  to  be  dried  between  folds 
of  blotting-paper* 
IVopertiet.  According  to  Hauy,  the  primitive  form  of  the  crys- 
tals  of  hyperoxymuriate  of  potash  is  an  obluse  rhom« 
'  boidal  prism  ;  but  it  is  usually  obtained  in  small  thin 
plates  of  a  silvery  whiteness.  It  is  only  by  allowing 
an  unsaturated  solution  of  it  in  boiling  water  to  cool 
slowly,  or  by  exposing  a  solution  in  cold  water  to  spon- 
taneous evaporation,  that  it  is  obtained  in  large  regular 
rhomboidal  crystals. 

Its  taste  is  cooling,  austere,  and  disagreeable,  some- 


*  It  was  in  fact  firtt  discovered  by  Dr  Higgens,  who  deicribed  the  me- 
thod of  fofining  it  and  some  of  its  properties  sometime  before  Berthol- 
lett  under  the  fiaalle  t>f  tikpetre.    See  Higgins  on  Autmu  Addt  p.  xSc. 

f  Aiuu  ii  CHm.  u  SflJ.  I  -Am*  de  Cbim,  xii.  ajj. 

{  MmnAtiUr  Bitmmrt^^,  SlI. 

'  I  The  bottle  cotainiiif  die  alkaU  mutt  be  covered  up  from  the  light, 
•UunriM-M  CTMtak  «f  liTperoBTiiniriate  can  be  obtained,  as  I  have  more 
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vhmt  analofrous  to  that  of  nitre.  lis  speci6c  gravicyis  ^Cliap,  tl 
i'OiO".  When  rubbed  smartly,  it  phosphoresces,  or 
rMhcr  emits  a  number  of  sparks  of  fire  f .  It  h  soluble 
in  aLjiMit  1<1  parts  of  water  al  the  temperature  of  fio", 
Aad  in  i:|  parts  af  boiling  water |,  ft  is  not  sensibly  al- 
lered  by  exposure  lu  the  air.  When  heated,  it  readily 
undergoes  the  watery  fusion.  If  ihe  heat  be  raised  to 
<cdneM,  it  rapidly  gives  out  more  than  the  third  ofiib 
weight  of  oxygen  gas.  It  is  from  this  salt  that  oxygen 
gas  can  be  obtained  in  the  state  of  the  greatest  purity. 
After  the  eflervesuence  is  over,  there  remains  coininoii 
jnuriate  of  potash. 

From  the  cicper:mcRts  of  Chtnevjjr,  its  coneiitueats  Compo:' 

'  uc 5S-3  acid 

3a- 2  potash 


100-0 
The  most  astotushing  of  its  properties  arc  those  which 
is  exhibits  when  mixed  with  combustibles.  Alt  com- 
^tutibte  substances  whatever  are  capable  of  decompo- 
Mng  it,  and  in  general  the  decomposition  is  attended  with 
Tioleai  deionations. 

When  three  parts  of  this  salt  and  one  pxit  of  sulphur  Dtiotiatw 
are  triturated  in  a  moitar,  the  mixture  detonates  vio-  buaibl*.. 
IcnlJy  :  the  same  effect  is  produced  when  the  mixture 
is  placed  upon  an  anvil,  and  strnck.  smartly  with  a 
hammer.  Kay,  it  even  sometimes  detonates  sponta- 
^^^Bfipuslr  without  any  perceptible  IticCion,  and  ought  nol 
^^^bcCore  to  be  kept  ready  mixed.     Charcoal  produiKs 

If  •  Hanoifiui,  -fan.  A  Clim.  nviki.  f. 
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Book  r.  the  same  effects,  though  not  so  violent.  This  propertj 
induced  Berthollet  to  propose  it  as  a  substitute  for  nitre 
in  the  preparation  of  gunpowder.  The  attempt  was 
made  at  Essone  in  1788  ;  but  no  sooner  had  the  work- 
men begun  to  triturate  the  mixture  of  charcoal^  sul- 
phur, and  oxjmuriatf ,  than  it  Exploded  with  violence^ 
and  proved  fatal  to  Mr  Letors  and  Mademoiselle  Chev- 
raud.  The  force  of  this  gunpowder  when  it  is  prepa- 
red is  much  greater  than  that  of  the  comtnion  sort  of 
powder ;  but  tlie  danger  of  preparing  it,  and  even  of 
using  it  after  it  is  prepared,  is  so  great,  tbat  it  can  hard- 
ly ever  be  substituted  with  advantage  for  common  gun*- 
powder. 

Phosphorus  also  detonates  with  this  salt  cither  bj  ' 
trituration  or  percussion.  The  quantities  of  each  used 
ought  not  to  exceed  half  a  grain,  or  at  most  a  grain,  o- 
therwise  the  experiment  may  be  attended  with  some 
danger.  It  detonates  also  when  treated  in  the  same 
Way  with  almost  all  the  metals,  and  likewise  with  cin- 
nabar, pyrites,  sugar,  gums,  oils,  alcohol,  6cc.  When 
thrown  upon  platinum  heated  to  whiteness,  it  does  not 
detonate,  but  sublimes.  The  surface  of  the  platinum^ 
however,  is  oxidized  ;  for  acetic  acid  dissolves  a  part 
of  it;  and  when  prussiate  of  lime  is  poured  into  th«  so- 
lution, the  liquid  becomes  of  a  greenish  white  colour  ^m 
When  this  salt  is  triturated  in  a  mortar  with  a  little 
cotton  cloth,  small  repeated  explosions  are  heard  similar 
to  the  crack  of  a  whip,  and  if  the  cotton  be  dry  and 
warm  it  sometimes  takes  fire.  It  always  does  so  when, 
after  the  trituration  has  been  continued  for  some  time. 


*  MorTeao,  Ank*  A  GUm^  »▼.  |8. 
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snlpharicuid  is  pour«d  upon  the  coiton.     When  niini:    ciiip.  i- 
acid  is  poured  upoo  a  mixiure  of  oxymunntc  of  |]otas)i 
md  phosphorus.  Hakes  of  fire  are  emitted  at  intervals 
for  a  considerable  lime  *. 

The  theory  of  these  explosions  was  6rst  poiDted  out 
by  Bcnhollei.  The  oxygen  of  the  acid  coaibincs  wiih 
the  combustible,  and  at  the  same  lime  lets  go  a  quaniiljr 
of  caloric  i  and  trituration  or  percussion  acts  merely  by 
bringing  the  particles  which  combine  within  the  sphere 
of  each  other's  aiiraniion. 

Tlie  action  of  the  acids  on  this  salt  has  been  treated 

of  already  in  a  former  part  of  ih  is  Work  f. 

'  This  salt  was  employed  in  bleaching  after  the  disco- 

I   *      very  of  iho  whitening  property  of  osymuriatic  atid  ; 

I        but  other  compounds  have  been  lately  substituted  in  its 

■I* 

^^^^V  Sf.  2.     HyperoKtmur-.ate  of  Soda, 

'  Ma  Chencvix  must  be  considered  as  the  first  chemist  [ 

who  publistied  a  description  of  this  salt;  for  the  short 
notice  of  DolfuR  and  Gadolin  X  scarcely  conveys  any 
prectM  infoimation.  It  may  be  prepared  by  the  same 
process  as  liyperoxymuriatc  cf  potash  ;  but  it  is  difficult 
lo  obtain  it  pure,  as  it  is  nearly  as  soluble  in  water  as 
muriate  of  boda.  Mr  Cbenevix  procured  a  litlli;  of  it 
jure  by  dissolving  the  mixtures  of  murtaie  and  hyper- 
BSiinto  of  soda  in  alcohol,  and  crystallizing  rc- 


It  cryatallixcs  in  cubes,  or  in  rhomboids  differing  lit-  Vte^aua.  i 
Cram  that  form.     It  produces  a  sensation  of  cold  in 


•  CuOlcr,  a^iluiT  A 
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^^gne  of  solubilitj,  sod  re- 

.Tmer  .a  :fae  fiirxa  of  their  crystals,  so  that 

:e  .?Dtaincd  separate  by  repeated  crystal- 

r  ..mns^      Ir  dieneirix  soccecded  by  the  following 

nz^ecnos  rsemod :   Phosphate  of  silver,  when  boiled  in 

-iTTTT.inm  .^c   ne  .•arthy  muriates,  has  the  property  c£ 

i  the  phosphoric  acid  combines  with 
.ma  :ne  muriatic  acid  with  the  oxide  of  silver* 


rms  sail  [sroducea  no  such  change  on  the  earthy  hj- 
ezQZTTsnzzaLtes.  Now  both  the  phosphate  of  barytes 
omnate  of  silver  are  insoluble  in  water.  Of 
vhea  phosphate  of  silver  is  boiled  in  a  solution 
f  iiiiimw  and  hyperoxymuriate  of  barytes,  the  whole 
aame  :s  decomposed  into  muriate  of  silver  and  phos- 
nvB  oc  'larytes,  which  are  insoluble,  and  the  only  sub- 
csice    vnich  remains  in  solution  is  hyperoxymuriate 

7*: IS  «ait  ^s  soluble  in  four  parts  of  cold  water,  and 
t  \  >aniler  portion  of  warm  water.  It  is  decomposed 
'V  ul  nc  4cida  placed  in  the  tables  of  affinity  above 
*«  jcfr&uic  ;  and  the  decomposition  by  the  stronger 
uua  ;9  more  frequently  accompanied  by  a  flash  of  light 
-»u  'ic  decomposition  of  the  alkaline  hyperoxymu- 
•4tse>*     Its  compoaent  parts  are 

47*0  acid 

42*2  barytes 

10*S  water 

100*0  • 
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Chap.  ITT. 

Sp.  7.     Hyperoxymuriate  of  Strontian.  " 

Ttfrs  salt  was  prepared  and  purified  bj  Mr  Chene- 
Tix  bj  the  same  processes  as  the  last  species,  with 
which  indeed  it  agrees  in  most  of  its  properties*  It  is 
deliquescent,  and  more  soluble  in  alcohol  than  muriate 
of  strontian.  It  crystallizes  in  needles,  which  melt  in 
the  mouth,  and  produce  the  sensation  of  cold.  Its  con« 
stituents  are.  •  ••«•••••  46  acid 

26  Strontian  tion,^ 

28  water 

100* 


The  hypctoxymuriates  are  all  soluble  in  water.     Of  J^i'i^''' 
course  the  second  division  of  them  does  not  exist.  ^^^^  ^^- 

MURIATU, 


*rhe  following  Table  exhibits  the  solubility  of  these 
sidts  in  water,  and  the  proportion  of  their  constituents 
(sapposing  the  acid  lOO),  according  to  the  experiments 
ui  Chencviz : 


Oicneviz  On  ffifenxr^ixed  Mftriatjc  jfcid,    P/JL  Trans,  l8o»- 


-"-i^. 

Coontitiieiut. 

AciA 

Hd$e. 

Water. 

^•«— ■* 

1  100 

1 

42-80 

23-83 

"JA 

?  ^5 

100 

44-78 

6-^5 

-» 

100 

51-25 

2y-89 

• 

100 

56-52 

(»0-87 

:rvcui.ia 

*?tao      1 

6-2 

100 

GT24 

4-30 

3arTtcs 

25-0    / 

100 

8U-78 

22*98 

Ncsr  Ji'dic  hjpcroxyrnuriatcs  liave  been  hitherto 
^opsieii  11  onj  useful  purpose  except  that  one  which 
\»  .'!ot.ua  fur  its  base.  This  salt  is  much  employed 
a  .-itetixicai  exhibitions.  It  furnishes  pure  oxygen  gas^ 
.um  X  peculiar  species  of  oxjmuriatic  acid.  It  was  tried 
UM  n  A  substitute  for  nitre  in  gunpowder,  and  was 
rbumi  ai  answer  ;  but  the  case  with  which  it  detonates 
wtth  sainbiistibles  makes  it  too  hazardous  for  commoh 


Genus  XIII.    Ar^eniates. 


Tsx  existence  of  this  genus  of  salts  was  first  disco^ 
««Rd  bj  Macquer  ;  but  their  nature  and  composition 
w«s  £nt  pointed  out  by  Scheele  in  his  Dissertation 
^  .\nenic,  published  in  1775.  Since  the  researches 
(K  ;teK  two  illustrious  chemists,  scarcely  any  addition 
made  to  our  knowledge  of  the  arscniates,  if 


ARSENIATES.  4^ 

wc  except  a  few  observations  on  sortie  of  these  salts  by     Cftap.  iir. 
Pellctier.  '     "^ 

They  maybe  distinguished  by  the  following  proper- 
ty : 

When  heated  along  with  charcoal  powder,  they  are   Character. 
decomposed,  and  arsenic  sublimes. 

'  Arscni* 

Sp.  1.     Arseniate  of  Potash.      '  ^Tta, 

When  arsenic  acid  is  saturated  with  potash,  it  forms 
an  incrystallizable  salt,  which  deliquesces  in  the  air, 
renders  syrup  of  violets  green,  but  does  not  alter  the  in<« 
fusion  of  turnsole.  When  heated  in  a  clay  crucible,  it 
is  partly  converted  into  a  white  glass,  and  partly  chan- 
gcd  into  a  super-arseniate  of  potash.  When  mixed  wi  th 
one-eighth  of  its  weight  of  charcoal  powder,  and  distil- 
led in  a  retort,  it  swells  and  bubbles  up  violently,  evi- 
dently in  consequence  of  the  disengagement  of  carbonic 
acid  gas,  and  at  the  same  time  a  quantity  of  arsenic  is 
9ublimed :  the  residuum  is  merely  carbonate  of  potash 
and  charcoal. 

Sp.  2.    SupeT'Orseniate  0/ Potash. 

This  salt  was  first  formed  by  Macquer ;  and  for  that 
reason  was  long  distinguished  by  the  name  of  arsenical 
neutral  salt  0/  Macquer.  He  obtained  it  by  distilling 
in  a  retort  a  mixture,  consisting  of  equal  parts  of  white 
oxide  of  arsenic  and  nitre.  After  the  distillation,  the 
white  saline  mass,  which  remained  in  the  retort,  was 
dissolved  In  hot  water  and  filtered.  When  properly 
eva^rated,  beautiful  transparent  crystals  of  super-arsc* 
niate  of  arseaie  are  obtained*. 


•  MAt,  Par.  2746  and  174S. 


:48  SALTS. 

BDob  ir.  Scheele  first  ascertained  the  compositiaii  of  this  salt, 
bj  discovering  that  it  was  obtained  by  adding  ftrsenic 
acid  to  the  arseniate  of  potash  till  the  solution  ceases  to 
alter  the  colour  of  syrup  of  violets.  It  then  reddens 
the  infusion  of  turnsole,  and  yields  by  evaponUioa  fine 
crystals  of  Macquer's  neutral  salt. 

This  salt  crystallizes  in  four-sided  prisms,  tcrmioated 
by  four-sided  pyramids,  the  edges  of  which  correspond 
with  those  of  the  prism.  It  is  soluble  in  water,  and 
gives  a  red  colour  to  vegetable  blues.  This  salt  is  not 
decomposed  by  salts  with  base  of  lime  or  magnesi^  as 
is  the  case  with  arseniate  of  potash  *f 

Sfi.  3.     Arseniate  of  Soda* 

Wrek  arsenic  acid  is  saturated  with  soda,  it  yields 
by  evaporation  crystals  of  arseniate  of  soda,  whicfa^  «c« 
cording  to  Scheele,  are  similar  to  those  of  the  saper*ar- 
seniate  of  potash  :  but,  according  to  Pelletier,  are  re^ 
gular  six-sided  prisms,  not  terminated  by  any  pyraoaids. 
Its  properties  when  heated,  as  far  as  they  have  been 
examined,  coincide  with  those  of  arseniate  of  potash. 
When  an  excess  of  acid  is  added,  this  salt  does  not  crys- 
tallize ;  and  when  evaporated  to  dryness,  attracts  mois- 
ture again  from  the  airf  • 

Sp.  4.     Arseniate  of  Ammonia. 

Whek  arsenic  acid  is  saturated  witJi  ammonia,  the 
solution  yields  by  evaporation  crystals  of  arseniate  of 
ammonia  in  rhomboidal  prisms,  which  give  a  green  co- 
lour to  syrup  of  violets.     With  an  excess  of  acid,  it 
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AKSEJftATes. 

[eldt  needlc'forni  crytuta  of  super- ancniate  of  am-  _Chtp.II 
monia,  which  deliqaesce  when  exposed  to  the  a 

When  arseniate  of  ammonia  is  gently  heated,  it  loies 
its  transparency  >tid  part  of  iis  aJkali.  Ina  strongheat 
ft  portion  of  the  ammonia  is  decomposed,  water  is  form* 
ed,  arsenic  sublimed,  and  sioiic  gas  disengaged.  This 
wn  one  of  the  experiments  which  first  led  Scheele  to 
the  discovery  of  (he  component  parts  of  ammoiua  *. 

S/>.  5.     Arseniatt  of  Magnesia. 

MaoheSu  dissolves  in  arsenic  acid;  but  when  the 
add  is  nearly  saturated,  tbc  solution  becomes  thick  and 
coagulates.     The  coagulum  rcdissolves  in  an  excess  of 
acid,  and  yields  when  evaporated  an  incrystallizable 
gummy  mass.     This  salt  may  be  obtai 
ing  the  alkaline   arseniates  witli  nilra 
of  magnesia.    When  healed,  it  e 
imena  as  the  first  species  f. 

Sf.  6.     Arieniate  of  Lime. 

WtiKff  arsenic  acid  is  dropc  into  lime  water,  arse- 
otate  of  lime  is  precipitated  ;  but  if  an  excess  of  acid  be 
added,  the  salt  is  redtssolvcd,  and  yields  when  evapo- 
rated small  crystals  of  arseniale  of  lime,  which  are  solu- 
ble in  water,  and  decomposed  by  sulphuric  acid.  This 
salt  may  be  formed  also  by  dissolving  chalk  in  arsenic 
add,  or  by  mixing  the  alkaline  arseniates  with  the  ni- 
tnAe,  muriate,  or  acetate  of  lime.  Aiseniate  of  lime, 
when  heated,  exhibits  the  same  phenomena  as  the  first 
speciet  t- 
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led  also  by  a 
:e,  mariaie,  and 
xhibits  the  same 
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XI.  is»oi,v-  5j6.  7.     Arsimate  of  Barytes. 

BLK     IMA- 

iiiATBK  Xmi  |^(  n^g,  formed  bjr  Scheelc  b;  diaapl?iog  iis^ 

rjrtes  ia  anenic  tcid*  When  the  satunuioa.  wm  Maclj 
completed,  the  sth  precipitated  in  the  state  of  an  ioaot 
Ittble  powder.  It  may  be  formed  alio  bj  mixiog  ar- 
•eniate  of  potash  with  nitrate  or  muriate  of  bar j  tea. 
This  salt  is  insoluble  in  water,  except  there  be  an  ex- 
cess of  acid.  When  exposed  to  •  violent  beat,  it  shows 
a  tendency  to  melt,  but  is  not  decomposed  *. 

Spm  8.    Anemaii  of  jtbmma^ 

Arsenic  acid  readily  dissolves  newly  precipitated 
alumina.  When  the  solution  is  evaporated,  it  gives  a 
thick  mass  insoluble  in  water.  This  salt  may  be  torm^ 
ed  by  mixing  the  alkaline  arseniates  with  sulphate,  ni* 
trate,  muriate,  or  acttale  of  alumina  f . 

Sf.  0*    Arsimiati  of  Tliria. 

Wrck  yitria  is  dissolved  in  arsenic  acid,  and  the  so- 
lution boiled,  arsemate  of  vttria  precipitates  in  the  state 
of  a  white  powder  %•  Arseaiate  of  potash  precipitates 
yttria  from  acids  f • 

Such  is  an  imperfect  account  of  the  arseniates  ^  a  ge» 
nns  of  salts  which  have  not  hitherto  been  applied  to  any 
nseful  purpose,  and  which  have  been  very  superficiaDj 
examined. 


Z'^kyziTT.     rcli's -4m--.'/.  irj^,  i:   7c. 


feBKriSXIV.   AxSenites. 

L  roMCROi  has  given  this  name  lo  the  combinations 
Rned  between  %(hite  oxiJe  of  arsenic,  or  arseniods  a- 
B  ts  be  calls  it,  and  the  alkalies  and  earths.  Ttie^ 
e  formerly  termed  /ivert  of  arsenic,  from  some  fan- 
1  resemblance  which  viras  traced  between  arsenic  and 
llpbur.  Tfie  alkaline  sit^eniteS  may  be  prepared  b^ 
■Ultalwiag  ihe  white  oxide  in  alkaline  solutions.  Thei^ 
form  a  thick  viscid  yellow- coloored  liquid,  with  a  veiy  ' 
nauKouB  odour.  They  do  not  crystallize  ;  heat  decon» 
potei  iheai  by  subliming  (he  oxide,  and  almost  all  the 
acidi  precipitate  the  arsenic  in  the  form  of  a  wbita 
powder*. 

The  earthy  arsenites*  as  far  as  they  haTC  been  tx^t 
mined,  are  in&oluble  powders.  Hence  the  reason  that 
irliiie  oxide  of  arsenic  occasions  a  precipitate  wheit 
dropl  into  lime,  barytcs,  or  strontian  water. 

These  salts  have  been  but  very  superficinlly  exami- 
ned, and  are  by  no  means  sulticicntl/  known  lo  admit 
of  a  detailed  description. 
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GxVCa   XV,       MoLTBliATE!. 

This  genus  of  salts  was  first  made  known  by  SchCele,* 
They  have  been  but  very  imperfectly  examined  by 
chemists,  owing  partly  to  t^e  scarcity  of  molybdi^  ictdy 
■n^  pafOy  to  the  diiliculty  of  obtaining^  it  puce. 

The  greater  nuiiiber  of  the  molybdates  are  colotrf- 
tcss  and  soluble  in  fcslter.     They  haVt  a  metallic  taslo. 


5^  sAtn. 

Bool:  n.     usually  weak.    The  prussiate  of  potash  throws  down 

DWiiiuuHf. 

from  several  of  them  a  light-brown  coloured  precipi* 
tate. 

If,  into  the  solution  of  a  nloljbdate,  a  cylinder  of  tia 
be  put,  and  the  liquid  be  mixed  with  a  little  nniriitte 
acid,  it  gradually  assumes  $i  deep  blue  coloiir. 

Sp.  1.     M^fybdate  ofPoiash^ 

This  salt  may  be  formed  either  by  uniting  directly 
its  acid  and  base,  or  by  heating  two  parts  of  nitre  and 
one  of  molybdic  acid  in  a  crucible,  and  liziTiating  the 
mass  obtained.  The  solution  crystallises  by  eraponu 
tion  in  small  rhomboidal  plates  inserted  into  each  other. 
They  are  bright,  and  have  a  metallic  taste.  When  ex- 
posed to  the  blow-pipe  upon  charcoal,  they  melt  with* 
out  swelling,  and  are  converted  into  small  globules^ 
which  are  quickly  absorbed  by  the  charcoal.  When 
melted  with  a  mixture  of  phosphate  of  soda  and  of  am* 
monia  (or  microcosmic  salt),  they  communicate  a  gteen 
tinge.  Hot  water  dissolves  them  completely,  andpms^ 
siate  of  potash  occasions  in  this  solution  a  reddish 
brown  precipitate  *•  All  the  strong  acids  precipitate 
the  molybdic  acid  from  solutions  of  this  salt* 

J^.  2.     Motyhdati  of  Soda. 

This  salt  is  very  soluble  in  water*  The  solution, 
by  evaporation,  yields  transparent  crystals  not  altered 
by  exposure  to  the  airf.  Neither  the  molybdate  of 
potash  nor  soda  can  be  volatilized  by  heat. 


xs 
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MOLTBtlATES. 

5)6.3.     MoIybdaU  cf  Ammonia.  S^"^ 

Tsts  salt  dissolves  readily  in  water.  The  solution 
does  oDt  crystallize,  but  foims  by  evaporation  a  semi> 
inmsparcnt  mass.  When  heated  the  ammoDia  is  partljr 
driven  off,  partly  decomposed,  and  the  acid  is  reduced 
to  tiic  tiatc  of  an  oxide  '. 


p,  4.     Moiyhdate  cf  Magnesia. 

Tus  salt,  according  to  Heyer,  is  soluble  in  water^ 
s  a  bitter  taste,  and  does  not  crystallize  f . 

Sp,  5.     Molyhdait  of  Lime.  ' 


^^^A  T>Is  salt  ti  obtained  in   the  state  of  a  powder  by 
p        ftoppiog  molybdic  acid  into  the  solution  of  lime  in  ni> 

trie  or  muriatic  acids.     Jc  does  not  appear  to  be  soluble 

water  t. 

The  remaining  molybdates  seem  scarcely  to  have 

been  csamincd  by  chemists. 


Genus  XVI.    Toxcstates. 

TaoDCH  Schecle  first  announced  the  existence  of  thew 
salts,  we  owe  the  first  observations  concerning  their 
properties  to  the  De  Luyarts  ;  and  the  indefatigable 
Vauquelin,  assisted  by  Mr  Hecht,  has  lately  given  % 
deUiled  description  of  them  from  bis  own  experiments  J. 
These  salts  arc  combinations  of  the  yellow  oxide  of 

igsteo  with  the  alkalies  and  earths. 


utlxi  Gtlikn't /ur.  IT.  6i6. 
^Sno.  Ibid . 
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Tan  ^alt  may  be  fprmed  hy  dissolving  03^d#  of 
tangitcii  io  the  solution  of  pota^  or  carboaate  of  potailif 
Tbm  lolution  alwayji  retains  ap  excess  of  ppUsh|  refii* 
^n^  to  djss9lve  ti)p  oxifle  }>efpre  tl)e  alkal}  be  cpmplete- 
I7  ncsiralized.  By  evaporation  the  tungstate  qf  potasli 
precipitates  io  the  state  of  a  white  powder. 

This  salt  has  a  metallic  And  pa,U8ti9  t^ste ;  it  is  so- 
luble in  water,  and  very  soon  deliquesces  when  expo- 
sed to  the  air.  Jts  solution  in  water  is  deconaposed  bj 
aU  the  acids':  they  occasion  a  precipitate  composed  of 
the  oxide,  potash,  and  the  acid  emplqyedf  This  preci- 
pitate or  triple  salt  is  the  molybdic  acid  of  Schecle  ^< 

This  talt  may  \>t  formed  by  the  same  process  as  the 
)ast.  When  the  solution  is  evaporated,  the  tungitate  of 
aoda  crystallizes  in  elongated  hexahedral  plates. 

It  has  an  sfqri4  and  paustic  taste ;  it  is  soluble  in  fbar 
parts  of  cold  water,  and  in  two  parts  of  boiling  water. 
Sulphuric,  iiitric,  rourifitfc,  ficetic,  l^l(l  oxalic  acids, 
occasion  9  precipitate  in  i^  solution,  ^hich  is  a  triple 
salt,  varying  according  to  the  acid  employed.  Phos- 
phoric acid  occasions  no  precipitate,  nor  is  any  prect* 
JMtate  produced  when  sulphuric  acid  is  dropt  in  after 
phosphoric  acid.  No  precipitate  is  occasioned  by  the 
pulphates  of  potash  and  of  magnesia ;  but  a  white  preci- 
pitate is  occasioned  by  the  following  salts : 

1.  Muriates  of  lime  and  barytes ;  alnm. 

2.  Almost  all  metallic  salts  f. 
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TUSGStATES. 


Sf.  3.     Tiingitate  of  Amrnonia. 

E.7sts  salt  TRtj  be  formed  b^  the  same  process  a;  the 
By  evajjorating  the  sotuiion,  the  lungMaie  of 
monia  crystallines,  eometimei  in  email  scales  rrsem. 
iDg  boracic  acid,  and  someUiMes  in  four-sided  prismafl 

cedles.      lis  tasie  is  metallic;  it  is  soluble  in  wa*  ] 
;  does  not  deliquesce  in  iJie  air,  and  is  decoiTiposc(l 
■tpleteljlty  heat.    It  is  composed  of 
78  oxide 
S2  ammonu  and  water 


f  psta 


51^.  4.      Turigstale  o/  Magmsia. 

'ai.V  the  jellow  oxide  of  tungsten  is  boiled  wi(h 
loimte  of  magnesia,  the  liquid  yields,  when  evnpora- 
ted,  lungsiaic  of  magnesia  in  small  brilliant  scales.  It 
is  soluble  in  water,  not  altered  by  exposure  to  tlie  air^ 
and  has  a  lasie  similar  lo  that  of  the  other  species  of  ' 
tungstates.  When  ati  acid  is  dropt  in,  a  white  powder  | 
pie  siill  precipiuies. 

Sf.  5.     TungitaU  of  Lime. 

m  talc  is  found  native,  and  is  known  to  minerals. 

pits  by  the  name  of  tungsten.     It  «ai  first  described, 

and  gave  its  nave  to  the  n^eiallic  oxide  and  to  the  whole 

genus.     It  is  osually  cry^italliEed  ;  and  from  the  obser- 

ions  of  Bournon,  it  appears  that  its  primitiv*  lorn 

octahedron  compo«ed  of  two  four-sided  pyramids. 


•  Vuqadln  aad  H«(ht, /Mr.  A  JMuf.  Mo.  19.7.  i& 


are  isosceles  triangles  ; 

M^  10':  each  of  the  others 

at  the  apex,  taken  on  the  fa- 

i  the  edges  of  the  crjsta!,  64^ 

grej  colour,  and  sometimes  ciy- 
EHsewhat  transparent.  The  pri- 
czTstalSy  according  to  Hauj,  is  the 
specific  gravity  is  about  six,  and  its 
considerable.  It  is  insoluble  in 
iblj  altered  by  exposure  to  heat. 
t  anrijsu  of  Scheele,  it  is  composed  of 
TO  oxide  of  tungsten 
30  lime 


100 

^  0.     Tungsiati  of  Bar y Us. 
JUT  iDaolable  powder,  not  examined  f, 

Sf^  7*     Tungstatt  of  jjlumina. 
Tbis  salt  is  an  insoluble  powder. 

'  ^^  t.    Nkrated  Tungstati  of  Potash. 
Duns  tmgstates  are  capable  of  combining  with  a 


of  acidsy  and  forming  with  them  a  particular 

ofoMtnl  salts  which  have  not  been  particularly 

if  weexcept  mtratid  tumgstatffpo^asbf  which 

^  originallj  described  by  Scheele  under  the 

^  msii  rf  tmsgUm, 
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CBROJIAnS.  I^t 

This  salt  is  obtained  in  the  form  of  a  white  powder ;    Om^JlL^ 
it  has  an  add  and  bitter  taste,  reddens  the  infnsion  of 
turnsole,  and  is  soluble  in  20  parts  of  boiling  water. 
Tlie  De  Lajarts  first  showed  it  to  be  a  coinpoond  of 
nitric  add,  oxide  of  tungsten,  and  potash. 


Genus  XVII.    Chromates. 

This  genns  of  salts  was  first  formed  by  Vauqoelin. 
Tb^  have  been  lately  Examined  in  detail  by  M.  'Go* 
doo^. 

Sp»  1.     Cir ornate  of  Potash*  ^ 

This  salt  is  easily  obtained  by  treating  chromate  of 
lead  with  liquid  carbonate  of  potash.'  The  solution  for« 
sued  is  of  an  orange  colour,  and  by  evaporation  yields 
diTomate  of  potash  in  rhomboidal  prisms. 

^•2.     Chromate  of  Soda,. 

This  salt  is  also  of  a  yellow  colour  and  susoeptibli 
of  (crystallizing. 

Sf»  3.   ^Chromate  of  JJme. 

Ttes  salt  is  sblnble  in'  water,  and  may  be  obtained  In 
regular  crystak.  ^ 

Sf*  4*     Chromate  of  Baryta. 

This  salt  is  probably  insolnble  in  water.  It  gives  a 
yellowish  giee»  colour  to  porcelain. 
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ORDER  IL 

cohbustible  salts. 

Gekus  I.    Acetates. 

JLhis  gemu  of  talts  has  been  known  almost  since  the 
oomnKnceaMint  of  chemistfj.  They  may  be  distinguish* 
cd  hj  die  ioUowing  properties : 

1.  Dcoomposed  by  the  action  of  heat ;  the  acid  bemg 
psrdy  driTea  off,  partly  destroyed. 

2.  All  very  aolnble  in  water. 

3.  When  mixed  with  sulphuric  acid  and  distilled  in  a 
moderate  beat,  acetic  acid  is  disengaged,  easily  distin* 
giiishable  by  its  smell. 

4*  When  they  are  dissolved  in  water,  and  exposed  to 
the  open  air,  their  acid  is  gradually  decomposed. 


Sf.  1.     Acetate  of  Potash. 

I 

Pumr  Is  supposed,  but  probably  without  any  reason, 
to  hare  been  acquainted  with  this  salt,  because  he  re- 
commends a  mixture  of  vinegar  and  vine-ashes  as  a  cure 
for  a  particular  species  of  tumor  *•  It  was  first  clearly 
described  by  Raymond  Lully.  It  has  received  a  great 
number  of  names ;  as,  for  instance,  arcanum  tartaric 
secret  foliated  earth  of  tartar^  essential  salt  of  wine^  rege<m 
jifratfd  tartar,  diuretic  salt,  digestive  sak  of  SyhiuT. 


flinii,  lib.  xiiii./rvOTM/vfr, 


CkipLllL 


1.  SOLUBLK 
AC£TATI9« 


bU.Lira  "neTic.  aid. 


i  TW 


of  potash  i 

Ae  iofaidon   to  dn 

9r  dns  gmoHB  if  is  obtaine 

CTsporatio 

Th: 

i 

i£  vatcr^ 


AUTAnS. 
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-      + 

t 

Acid 

88*5 

47-95 

49-85 

Base 

61-6' 

52*02 

50-15 

Total 

100*0 

100 

100 

^.2.   Acetate  of  Sotia» 

Tns  salty  which  teetfts  to  hive  been  first  exattained 

^  Barohy  was  fermerlj  known  hj  the  absurd  name  of 

^9jitMui/§liaiei  earth.     Itisosaallj  prepared  bj 

taftuatmg  acetic  acid  with  carbonate  of  soday'aod  evapo- 

^loythe  aohition  t91  a  thin  pdltde  appears  on  its  sii»» 

het.    When  the  solotion  is  allowed  to  c<k>1,  the  aeetaflr 

^  soda  crystallizes  in  striated  prisms,  not  uoHko  those 

of  sulphate  of  soda.    It  has  a  sharp  taste,  apprbachti^ 

to  bitter.      It  is  soluble  in  2*86  parts  of  water  at  the 

tempcratare  of  00^  §.    Its  specific  gravitj  is  2*1 1|.    It 

is  not  affected  bj  exposure  to  the  air.   When  heated,  it 

first  loses  its  water  of  crystalliaation ;  in  a  strong  heat 

it  melts  ^  and  in  a  still  stronger  its  acid  is  destrojed. 

This  salt  can  on^j  be  obtained  in  crystals  when  there  is 

'an  eacess  of  alkali  in  the  solution.  - 

IThe  constituents  of  this  salt,  according  to  the  txpe^ 
riite.«Qts  of  Wenxel  and  Richter,  are  as  fellows : 


*   'K^iggint  On  Aeetomt  Add^f,  S.         f  Richter,  SuHfue  Chimtfuty  i.  T.<)6» 
%  'N^^enscl,  Vertomm^tehmft^  ]»•  (47.     f  Beigman,  ▼.  Tt. 
I    VJaMcnfracz,  Am,  4$  dim,  anriii.  t%. 


i 


SkLti. 


'^ 


Toed 


60*30 


SO-Ol* 


100 


J 


03*28 


B6*72 


100 


t 

• 


A.  3.  jicitaU  of  Ammonia. 

AU  was  formerly  called  spirit  ofMindererusd 
K  pcepftred  bj  the  tame  proceie  as  the  other  a« 
Ic  is  too  volatile  to  be  easily  crystallixed  :  It 
\  bj  geotle  evaporation,  be  made  to  de« 
tiflti  ihapcd  crystals.  Mr  de  Lassone  cry  stal- 
i&  hj  soblimalioQ  *•  When  the  sublimation  it 
r^ifi  farms  long,  slender,  flatted  crystals,  termiaatiof 
poiots,  of  a  pearl-white  colour,  and  about  aa 
and  eight-tenths  in  length  f.  It  impresses  the 
at  first  with  a  sense  of  coldness,  and  then  of 
which  is  followed  by  a  taste  resembling  that 
of  a  mixture  of  sugar  and  nitre,  in  which  the  sweet  docs 
aol  piedominate  over  the  mawkish  taste  of  the  nitre  ||. 
It  is  very  deliquescent.  It  meluat  170^,  and  sublimes 
at  about  250  f  •  When  a  watery  solution  of  this  salt  is 
distilled,  there  comes  over  first  a  quantity  of  ammonia, 
next  a  quantity  of  acetic  acid,  and  at  last  of  the  neutral 
salt  itself.  No  such  decomposition  takes  place  when 
the  crystals  are  distilled  by  a  moderate  heat  **• 


I  Wcnsel,  p.  147. 
•  *»iMfc  P*r.  i.  "75. 
i  Hig^f,  Ibid.  p.  190. 


f  Higgioi  Om  Aift0Mt  AdJ,  p.  188. 
1  Ibid.  •#  tbid. 


ACITATIS. 


OS 


It  constituents^  u  determined  hy  Wtozel  and  Kich-    Chip,  m. 
ter,  are  as  follows ; 


• 

.+ 

Acid 

62'45 

68-17 

Base 

3T55 
lOQ 

ai'23 

Total 

100 

Sp.  4.  Acitaie  ofMagnaia. 

^Bia  salt  may  be  formed  by.  dissolving  magnesia  or 
its  carbonate  in  acetic  acid.  It  is  net  crystalliaable  f 
Imt  fetm^  by  evaporation  a  viscid  mass  t*  It  baa  a 
sweetish  taste ;  leaving,  however,  a  sense  of  bitieiness  f » 
Ita  specific  gravity  is  1*37^  ||.  It  is  very  soluble  both 
in  water  and  alcohol  f  •  When  exposed  to  the  air,  it 
deliquesces.     Heat  decomposes  it. 

The  constituents  of  this  salt.  According  to  Wenzal 
and  Richter,  are  as  follows  : 


Acid 

**    j     ++ 

34*04    29-35 
100        -100 

Base 
Total 

«  Wmzd,  p.  149-  t  Richter,  &ftifu9  Chimiqut^  i.  136b 

X  Bcr^/man,  i.  388.  {  MorYeau,  Encyd,  Mnb^J*  i.  9. 

£  HasKniratz,  Ann.  JtChm,  xiTiii.  1%,  \  Bergman,  i.  388^ 

«•  Wcfixd,p.  Xjo.  ft  Richter,  Suaifi$t  Chmifue,  i.  13d 


M 


JtMtlllt. 


Xwis^  tak  was  fim  detcrlbcd  aocoa^d^  tjf 


The  aadcou^  kovrro;  naed  a 
flcgar  m  mrgetj^.     It  k 
chslL  n  acetic  add.    Wboiffce 

tbewxuu  of  ttflieiaiBe  priiifii  acafca  af 
Mj/tptUMOce  like  ti^«      lu  tpectfic  {nvkf  ia 

Iti  Ufle  it  bitter  Ml  -aoar,  becaoae  it 
acid*    It  if  uAuhU  in  water.     It  it  aal 
potore  to  the  sir;  stleait  Morreaakept 
a  whole  jear  flMrdj  oovcicd  with  papec; 
qaite  oacovered  lor  a  aooth,  without  iti 
alleratioot.    Heat  decoipoaet  it  by  diir  mtf  ■§ 
the  iaoM  tioBC  partly  deeootpottog  id  add. 

The  coBttitacoti  of  this  aah^  aocordiof  to  dbe 
aMms  hitherto  oiade,  are  at  followt : 


J 

H 

if 

- 

Acid 

50 

04*3 

05-11 

05-75 

Base 

50 

35-7 

34-80 

34-25 

Toul 

100 

100 

100 

100 

•  F/iMii,  \\,   rziri.  c.  24. 

^  Morvcau,  Entyil.  MttLo^.  i.  9. 

!i  Hi^Qjini  Oji  >^<//0i//  >^4/4/,  p.  47. 

^  Ruhtrr,  ^tatljue  f.'limiqyr,  i.p.  1  36. 


{  Marct,  IbuL  i.  9. 
••  Weiwc1,pi  150. 


ACETATES. 
^6.   Meetatt  of  BaryU$. 

Tuts  salt  may  be  formed  hy  dissolving  barjies  ot 
tU  carbonate  in  acetic  acid,  or  by  decomposing  the  sul- 
pfaoret  ofbarytesby  thatacid.  By  spontaneous  evapo. 
rxtiaa  tbe  acetate  crrstallizes  in  tine  transparent  pri>- 
mUJC  needles.  lis  specific  gravity  is  1'828  *.  It  bis 
an  acid  and  »omewbat  bitter  taste ;  it  is  soluble  in  wa- 
ter, VoA  does  not  deliquesce  when  exposed  to  the  air, 
but  rather  effloresces.  It  is  decomposed  by  the  fixed 
alkalies  t,  by  the  alkaline  carbonates,  and  by  almost  all 
ibe  aulpbaies.  Hence  it  is  often  employed  to  detect 
the  presence  of  sulphuric  acid  in  solutions.  From  the 
cxperiinents  of  Buchol?.,  it  appears,  that  lOO  of  water 
at  the  temperature  of  GO^  dissolve  about  SB  of  this  talt, 
and  OC  parts  when  boiling  hot.  Pure  alcohol  dtssolvea 
tn^  P"'  ^^  "*  weight  while  cold,  and  heal  scarcely 
increases  the  solvent  power  of  this  liquid  J. 

According  to  the  experinKnis  of  Bucliolz  and  Rlch- 
ifT,  this  salt  is  composed  of  the  following  proportions 
•Ctu  constituents: 


1* 

II 

Acid 
Baic 

35 
5S 

- 

39-98 
50-02 

Water 

Tolil 

100 

100 

*  Hiaenfrati,  An:  it  CUm.  ixvlii.  il. 

f  D'Anet,  An.  it  Ctim.  bi.  147. 

t  Bthr^it'm.  ioi.  $  Bucholi,  Di<i 

1  Rkhter,  Sittiju  CiimijH,  i.  i  j6. 

yhi.  III.  E 


Act:^^rMi 


rf' 


w  «  f 


m^ 


J  ■■     I 


^id 


Base 


vW 


rr 


I.U-1 


TT 


ll  I    I 


.% 


.  15'81    .OTT06 


26*1Q 


TotaF  Iwr^ 


7*94 


100 


■1-  -J.. I''.       ■   '"*' 


;.  i.>  ■i-r-iilt^  •  *  »': 


dmolyes  readiij  in  acetic  ftcid,  tnd  the  to* 
b  by  evaporatioa^arrMlt  of  acetate  of  jrttria* 
taU  have  most  cbrnxnoolj  the  form  of  thick 

I,  ,  Thcj  aro.TOl^  9^$ffKi[}^]^^gpffpg^^p  the 

Sp.  10.  ^itati  of  Gticuia. 

aad  readily  dissolves  glucina  Vhut  the  solii* 
lll^li9ip^o^ms,1l%1df)l9:l^rt^  bat 

d  by  evaporatioa  uHo  a  ffradhfy  inaii^  whidi^ 
owly  dry  and  brittle.    Its  taste  is  sweet  and 


-    >  / .   :  1 .1 


I 


Sp^  11.  Acetate  oj 

It  may  be  formed  by  poaring  acetic  ai^  on 
upitated  zirconia.  It  has  an  astringent  taste, 
crystallize ;  but  whqi  evaporated  to  dryness^ 
powder,  which  does  not  attract  moisture  from 


Sta^ifsff  Ckadfiut  i.  136.  f  Weosd,  p.  157. 

,  CrcU  '•  Jbumh^  1799,  iL  69 ;  and  Klaproch't  Mrt^^vi' 


E2 


AUfKAtMB, 


Acetates  of 


Alumina 


:^n.'*n 


TSSSSaSSS, 


mioo 

M  -Add. 


100 


Ammonia 


Lime 


Soda 


Strontian 


Potaih 


Qaijtes 


35 


40 


100 
IPD 
100 
100 
100 


99 


80 


100 


100 


■^ 


35-48 


41*55 


.45*40 


53*58 


58*04 


89*80 


lb8*45 


105*72 


Waier. 


iVa* 


20 


dfcppSL 


I- 


(C£PT  in  medicine  and  in  chemical  preparadon^ 
)f  the  acetates  have  been  applied  to  any  useful  pur*' 
,  The  acetate  of  potash  is  often  employed  in  the 
iiation  of  strong  acetic  add.  When  mixed  with 
te  of  mercury  it  gives^  by  double  decompositioii^ 
te  of  mercury :  a  salt  often  employed  in  medicine, 
dally  in  this  country.  The  acetate  of  ammonia 
:d  occasionally  as  a  medicine.  Acetate  of  barytes 
itimea  makesan  excellent  reagent  for  detecting  suU 
ic  acid* 


nLUiBtof 

THB  ACK- 
TATBS. 


Genus  II.    Bxkzoates. 

loUGH  these  salts  have  been  long  known,  their; '€ 
es  hitherto  have  been  but  superficiaUy  exaiubir^ 


BEVZOATIS.  ni 

Cfanwin* 
Sf.  6*     Ben%oate  of  Bqryieu  in  n.^ '  n  > 

8  salt  crystallizes,  is  soluble  in  water,  not  altered 
t^qxMure  to  the  air^  but  decomposed  by  heat  "and  by 
stronger  acids. 

Sp.  7*     Ben%QaU  of  Alumina* 

Tbis  salt  forms  dendriticai  crystals.  ■  It  has  a  sh'aqi 
er  taste,  is  soluble  in  water,  and  deliquesces  when 
€)sed  to  the  air. 

Che  other  benzoates  are  entirely  unknown.  They 
^e  not  hitherto  been  applied  to  any  use. 


GeKUS  IIL      SuCCIKATESr 

This  genus  of  salts  is  as  imperfectly  known  as  the 
seeding.  For  the  few  experiments  that  have  been 
ide,  we  are  indebted  to  Stockar,  Wenzel  *,  Leonbar- 
f,  and  Bergman  %.  But  Mr  Gehlen  has  announced 
\  intention  of  publishing  a  very  full  description  of 
se  salts  from  his  own  experiments  $. 

Sfi»  !•     Succinate  of  Potash m 
This  salt,  according  to  Leonhardi  and  Stockar,  cry- 


Wenzcr*  VntvanJtschaft  der  Korftr^  1777- 

De  Salibui  Succinatiif  1775* 

Om  Elective  Attractions ,  Opusc,  iii.  apt. 

The  alkaline  tuccinates  have  been  introduced  by  this  chemist  with 
at  advantage  to  precipitate  iron  from  its  solution  in  acid,  which  it 
:s  more  complotely  and  in  greater  purity  than  any  other  known  8ub« 
ice.    Sec  Klaproth*$  Bcitragty  iii.  63. 


70 


ISim.  ^''^''^enst  ..^    hluiiz  bitter  salbe 

V"°  ''^'^  -*.  «d  deliquesces  when 

lion  oft!-  ._ 


foil' 


!■■ 


to  heat,  it  decrepi* 
beat  is  decomposed* 

of  Soda  ^ 

.^  .:ssd  is  nturated  with  soda,  the  so^ 
don  yields  beaotifal  trans- 
of  loda ;  some  of  which  are 
^im  iiliedral  summits;  others  six- 
bj  an  obUque  face  *•      This 
less  soluble  in  water  than  com.. 
^^    .JM,  :9G9  30C  deliquesce  when  exposed  to  the 


ipoed  completely  when  exposed  to 
»ca4  .9tf  -s  «ic:ie  Tessels. 


;>.  i.     SmccimaU  of  Anummia^ 

atfedle«> shaped  crystals,  but  it  crys* 
dtr.  Il  has  a  sharp,  bitter,  and  cool- 
rxpoaed  CO  beas,  it  sublimes  without 


Mill  bos  :he  lumi  •*£  ^  white,  glminous,  frothy 
^iiu:ii  when  iric-i  Jj  :he  ire  anracts  moisture 
!*c  iir»  iitd  Jc*.  s:u«crs. 

>  >^l  forms  obloc^.   pciatcti,  ac:- deliquescent 


^.  .Tvci-r,   .tfT.  je  l^im.  ix:t.  if*. 


SUCCINATES.  73 

.  \v!jich  are  difficultly  soluble  even  in  boiling  wa-    Chap.  m. 
It  IS  not  altered  by  exposure  to  the  air.     It  is  de- 
wi^m posed  by  muriate  of  ammonia^  and  by  the  fixed 
. valine  carbonates. 

Sp.  6,     Succinate  of  Barytes . 

This  salt,  according  to  Bergman,  is  dilHcultly  soluble 
in  water. 

Sp.  7.     Succinate  of  Alumina, 

This  salt,  according  to  Wenzel,  crystallizes  in  prisms, 
and  is  easily  decomposed  by  heat  *. 

Sp.  B.     Succinate  of  Glucina. 

EcKEBERG  has  announced,  thatGlucina  is  precipita. 
ted  from  its  solution  in  acids  by  the  succinates.  The 
succinate  of  glucina  is  of  c6urse  insoluble,  or  nearly  so  f  • 

Sp,  9*    Succinate  of  Tttria* 

Yttria  is  not  precipitated  from  its  solution  in  acids 
by  the  succinates,  accorJiug  to  Eckeberg  J.  This  how-  • 
ever  must  be  under:»tood  with  some  limitation  ;  for  as 
the  succinate  of  yttria  is  but  sparingly  soluble  in  water, 
it  precipitates  in  crystals,  if  a  concentrated  solution  of 
an  alkaline  succinate  be  mixed  with  a  saturated  solution 
of  yttria  in  an  acid.  Thus,  when  the  succinate  of  soda 
is  dropt  into  concentrated  muriate  or  acetate  of  yttria, 
small  cubic  crystals  fall,  which  are  succinate  of  yttria  §• 


♦  Verwandt,p.  243.  f  >f»w.  Je  Cbim.xMu.  277. 

I  I^jd.  J  KlaprothN,  Beitrtgft  iii.  7^. 
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CAMPHOHATES.  tS 

in  Naples.  It  is  crystallized  in  short  needles,  not  titer*  CI«p.HL 
fd  bj  exposure  to  the  air.  At  the  temperature  of  the  "-• 
atmosphere,  100  parts  of  water  dissolve  1-i^  parts  of  this 
salt,  and  3|  at  a  boiling  heat.  It  has  a  taste  resembling 
succinic  acid.  When  heated,  it  swells  and  emits  a  va- 
pour which  irritates  the  organs  of  smell.  Its  solutioii 
precipitates  acetate  of  lead,  nitrate  of  silver,  and  nitrate 
of  mercury. 

Sp,  ?.  Moroxylate  of  Ammonia. 

This  salt  may  be  formed  by  pourihg  carbonate  of 
ammonia  into  the  solution  of  the  moroxylate  of  lime* 
Tie  solution,  when  evaporated,  yields  crystals  of  mo- 
roxjlate  of  ammonia  in  long  slender  prisms,** 

Genus  V.    Camphorates. 

These  salts  have  been  examined  by  Bouillon  La- 
grange with  much  care.  They  possess  the  following 
properties : 

1.  A  taste  which  is  usually  bitterish.  Cbanttxxt, 

2.  Decomposed  by  heat :  the  acid  sublimes,  and  the 
base  remains  in  a  state  of  purity. 

S.  Before  the  blow^pipe  they  burn  with  a  blue  flame. 

Sp.  1.     Can^borate  of  Potash* 

To  prepare  this  salt,  carbonate  of  potash  is  to  be  dis- 
solved in  water,  and  the  solution  saturated  with  cam- 
phoric acid.  When  the  effervescence  is  over,  the  liquor 
is  to  be  evaporated  by  a  gentle  heat  to  the  proper  con- 


•  Klaprecb,  Nicholion*t  Jnr,  vii.  130. 


if  camphorate  of  potash  will  be 
-^r^ifi-a  ..-;l«3.  ae  .unuir  cools.    Camphorate  of  potash 
.vnue  sna    ^aipareat;  its  crystals  are  regular  hex^t 
I   liZA  I  stterish  and  slightly  aromatic* 
^  oe  eaiperature  of  (30^  dissolves  rv^th  part 
•     x  TTic*":  jI  :nia  salt;  boiling  water  dissolves  itl^ 
k:  ^    ^   vei^rit*     It  is  soluble  in  alcohol,  and  the 
U'.v.zn    nr-i  -with  a  deep  blue  flame.      When  expo* 
itL    z  .  oGisi  ur,  ic  loses  a  little  of  its  transparency  i 
:iz  a  X7  ar  it  foffcrs  no  change.     When  exposed  to 
.^1.:   ae:;:«t  swells,  and  the  acid  is  volatiliLcd  in  a 
Tic^  .izxcics,  which  has  an  aromatic  odour.     Before 
^c  ituw.^ijpe  ic  burns  with  a  blue  flame,  and  the  pott 
sa   sim^ins  oehind  in  a  state  of  purity  *^ 

5f.  2.     Camphorat^  of  Soda. 

Z^j,  nit  may  be  formed  precisely  in  the  same  man- 

xr  )»  ^e  camphorate  of  potash.     It  is  white  and  tran* 

i^HEsrv  us  taste  is  sonpicwbat  hitter  ;  its  crystals  are  it^ 

.-c%*i:ar.     Water  at  the  temperature  of  60^  dissolves 

em  'hsBi  tI^  part  of  its  weight  of  this  salt ;  boiling 

w«er  drnolrcs  ^th  of  its  weight.     It  is  also  soluble  in 

lic-^crl.     When  e^^posed  to  the  air  it  loses  its  transpa« 

aiifT,  and  eflkresces  slight>y,  but  is  never  completely 

r-C£«ctd  to  powder.    Heat  produces  the  same  efllect  upoq 

1:  3s  en  camphorate  of  potash  :   the  acid  burns  with  a 

zest  zzmt^  which  becomes  reddish  towards  the  end  f* 

Sp,  3.     Camphorate  of  Ammonia. 
Tkis  salt  may  be  prepared  by  dissolving  carbonate  of 


«  Bouillon  Lsgraoge,  Ann.  it  Cbim*  xxviL  S4* 


CAMPHOR  ATE  S. 

tininania  in  hoi  water,  and  adding  camphoric  acid  slow- 

Jf  till  ihe  alkali  is  salurarcd.      It  trust  ilien  be  evapo- 

rucd  with  a  very  modcraie  heal,  lo  prevent  the  discn- 

jsgemcnt  of  the  ammonia.    Il  is  wry  diflicult  lo  obtain 

Ibis  (alt  in  regular  crystals.    When  evaporated  to  dry- 

,   there  is  left  a  jolid   opaque  mass  of  a  sharp  and 

bitterish   taste.      Water  at  the   temperature    of  about 

BO*  dissolves  nearly  -tttp^^  P^'"'  ^^  '**  weight  of  this 

Iftlt  i  boiling  water  dissolves  4d  of  its  weight :  But  all 

th^  alkaline  camphorates  are  much  more   soluble  when 

Ib^re  is  excess  of  base.      It  is  completely  soluble  iti  I 

al  c:ohol. 

"When  exposed  to  the  air  it  attracts  moisture,  but  naU  | 
iM^  luSicient  quantity  lo  enable  it  to  assume  a  liquid' 
ft*™!.  When  exposed  to  heat  it  swells,  melts,  and  is* 
c=ionverIcd  into  vapour.  Before  the  blow-pipe  it  bums 
■^^with  a  blue  and  red  flame,  and  is  entirely  volatilized, 
^^fost  of  the  calcareous  salts  form  triple  salts  with  cam- 
'^ahorate  of  ammonia.  It  decomposes  In  part  all  the  aim-  I 
Ruinous  sails  except  the  sulphate  of  alumina  *. 

Sf.  4-     Camphorate  of  Magnesias 

This  salt  may  he  prepared  by  miTing  water  withi 
ntbonate  of  magnesia,  and  adding  crystallized  campho» 
ric  acid  :  heat  is  then  applied,  the  solution  is  iiltratedj 
and  evaporated  to  dryness.  The  salt  obtained  is  dissoU'  ' 
Ted  in  hot  water,  passed  through  a  filter,  and  evapora- 
ted by  means  of  a  moderate  heat  till  a  pellicle  forms  on 
irface  of  the  solution.  On  cooling  the  salt  is  de- 
Jnsited  in  thin  plates>     The  second  solution  is  intended 


•  A-"-  il  Ctim.  I 
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Book  :i.      bistcncc,  and  crystals  of  camp": 

i^i vision  in.      ,  •      1       I         .1      I-  ^1 

^ deposited  wlicii  tlie  liquor  coo 

is  white  and  transparent;  it 
gons.     Its  tattle  is  bitterish- 

Wiitcr  at  the  tcmperaf 
of  its  Wfigiu  of  this  s::'* 
part  of  its  weiglit. 
solution  burns  wiih 
scd  to  a  moist   air. 
but  in  dry  air  it  »«»' 
heat  it  mchs.  ^^' 
thick  siiui^f,  " 
ihc  blow- 1   •  •• 
■»sh  rciiv'.i;  -. 


■  ..iv  iiap] 


>  white,  or 
more   soUil 
...ohol  has  no 
^jsolvcs  theac 
-  precipitates  ag 
.jTsed  to  the  air  it 
..:£c  powder  ;  but  t! 
J-,  nly  in  a  warm 
r  ^cming  coalsy  the  s 
•rr...  ^aiains  pure.    Bcf< 
r  'T  :;her  campliorates, 
—   !:j:*.a!e!i,  and* sulphates, 
_  >  >i.i,  if  wc  excipt  the 
^u  nina  •  • 


•-•CV  :. 

spell 

11". 


Ssr:.Th:rate  of  Litm . 

,     X  jr^ftred  by  dropping  intc 

. .,  .:^3-Ljric  acid.    The  mixture 

...  ?assed  through  a  iilter,  an 

-.?>  ::*^  volume.     On  coolinj 

„<  1  -excised.     It  lias  no  regular 

^-5^:g^  ias  been  properly  conductt 

^JC  i^ve  another.     It  is  of  a  wh 

^    ^  .   -2sr  ili^btiy  bitter. 

-  -.-^■xraiure  of  60^  dissolves  ver 

v.*  "'^  w-i-f r  "  capable  of  dissolving 

s  Acifhc  of  it.     It  is  insoluble  h 

\>?*; J  10  the  air,  it.  dries  and  fal 


•    :,-..  YrC^/w,  xivii.  p.  ar- 


•iderate  heat,  it  melts    Chap.  Iir. 
:Mirning  coals»or  when 
.  1.1  is  decomposed  and  vo- 
ins  pure.     When  sulphuric 
ition  of  this  salt,  it  produces  an 
Nitric  and  muriatic  acids  preei^ 
..  acid* 
.1  of  50  acid 
43  lime 
7  water 


ii* 


100 


Sp.  C«     Camphor  ate  of  Barytesm 

ly  order  to  prepare  this  salt,  barjtes  is  to  be  dissoW 
Ted  in  water^  and  camphoric  acid  added  to  the  solution  ; 
tbe  mixture  is  then  to  be  boiled,  and  afterwards  filtered 
and  evaporated  to  drjness.     Camphorate  of  barjrtes 
does  not  crjrstAliizie }  when  the  evaporation  is  conduct*^ 
ed  slowly,  the  salt  is  deposited  in  thin  plates  one  above 
another,  which  appear  transparent  while  immersed  in 
the  liquor,  but  become  opaque  whenever  thej  come  in- 
to contact  with  the  air«     It  has  very  little  taste,  though 
it  leaves  at  last  upon  the  tongue  a  slight  impression  of 
acidity  mixed  with  bitterness.     Water  dissolves  only  a 
raj  small  quantity  of  this  salt,  boiling  water  being 
capable  of  taking  up  only  ^^^h  part  of  it.     It  is  not 
altered  by  exposure  to  the  air.     Wiien  exposed  to  heat, 
it  melts  easily,  and  the  acid  is  volatilized.     When  the 
heal  is  coAsiderabk,  the  acid  burns  with  a  lively  blue 
flame,  which  becomes  red  and  at  last  white  *• 


«.iM.AC^ai.iSTU.sS« 


aa  SALTS. 

Book  11.  ^  y»         .  /•   ^f      • 

PivUioniu.  ^p*  T.     Campborate  of  Alumina* 

To  prepare  this  salt,  alumina,  precipitated  bj 
of  ammonia  and  tirell  washed,  is  to  be  mixed  with 
ter,  and  crystals  of  camphoric  acid  added.  The  fbtx. 
tore  is  then  to  be  heated,  filtered,  and  concentraird  faj 
evaporation.  This  salt  is  a  white  powder,  of  an  acid 
bitterish  taste ,  leaving  on  the  tongue,  like  most  of  the 
aluminous  salts,  a  sensation  of  astringency.  Water  at 
the  temperature  of  60^  dissolves  about  Tvvth  part  of  its 
weight  of  this  salt.  Boiling  water  dissolves  it  in  con- 
siderable quantities ;  but  it  precipitates  again  as  the  so- 
lution cools.  Alcohol,  while  cold,  dissolves  it  very 
sparingly ;  but  when  hot  it  dissolves  a  considerable 
quantity  of  it,  which  precipitates  also  as  the  Solution 
cools.  This  salt  undergoes  very  little  alteration  in-  the 
air;  but  it  rather  parts  with  than  attracts  moistnro. 
Heat  volatilizes  the  acid ;  .and  when  the  salt  is  thrvwa 
on  burning  coals,  it  bums  with  a  blue  flame  *• 

Genus  VI.    Oxalates. 

This  genus  of  salts  was  first  made  known  by  Berg- 
man, who  described  the  greater  number  of  them  in  his 
dissertation  on  oxalic  acid,  published  in  1770f  •  These 
salts  may  be  distinguished  by  the  following  properties: 
Character.  1*  When  exposed  to  a  red  heat,  their  acid  is  decooi*^ 
posed  and  driven  off,  and  the  base  only  remains  behind, 
usually  in  the  state  of  a  carbonate. 

2.    Lime-water  precipitates  a  white  powder   firom 


*  .inn.  (.'c   '.'Lint.  xx\it.  34  f  Opmtc,  1.  260. 


bXAtiiit^ 
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tiieJt Kilations,  provided  no  exctta  of  acid  be  present.    Ch^p^nL 
Tbifpo**''^  '^  solubU  in  acclic  acid,  after  being  expo- 
xdtoaKd  heal. 

}.  The  eanliy  oxalates  are  in  general  nearly  insolu- 
UeinwBter:  llie  Hlkatine  oxalates  are  capable  of  com- 
bainjwitb  an  e.Tcess  of  acid,  and  forming  superoitalates 
tattch  Int  tolublc  than  the  oxalates. 

4.  The  insoluble  oxalates  arc  rendered  caailyMlubl* 
b/  aa  uceis  oi  Out  more  powerful  acids. 


Sp.  I.     Oxaiatt  of  Potaih. 


This  Bait  ii  cadly  formed  by  dissolving  potash  in  oau 
alicicid)  but  the  soldiiua  does  noc  readily  crystallite 
tU^MKbnr  be  a  slight  excess  either  of  the  acid  or  ilie 
but.  A  solution,  composed  of  two  parts  of  carbooai* 
efpiKBsh,  dissolved  in  one  part  of  add,  yields  six-sideil 
pmsM,  not  uiJike  tiie  crystals  of  oxajic  acid.  These 
djmlsfatl  to  powderivhen  heated.  They  giveagreeo 
&^  lo  iiunus  paper,  but  they  rtdden  tincture  of  liu 
BU  sod  syrup  of  violets  *. 

WImh  neutrali  idiii  sail  cryttallicn  in  flat  rhotDbotds, 
egBBOnly  terrainaied  by  dihedral  summits ;  the  lateral 
dgCi  sf  tbe  prism  ace  usually  levelled.  Its  te^le  is 
CMliif  and  hitter.  At  tbe  temperature  of  60°,  it  di^ 
wl»ei  is  thrice  its  weight  oi  water.  When  dried  od 
llictand  balli,  aad  ef^er^vi<rds  exposed  ia  a  damp  piace> 
il  ^lorbs  a  Jillle  tooistuce  from  the  atmosphete.  A&- 
wrdiaj  tomjr  cxpecimenls  it  is  coupoaed  of 


8?>  SALTft. 

t.?2!L^.  *4-87  add 

55*19  btse  and  water 


100-00 


Sf,  2.     Superoxatati  of  Poiasb. 

This  salt  exists  ready  formed  in  oxaKi  aneiottUa  vr^ 
wood*sorrel,  and  in  the  rumtx  aceHsa  /  from  which  i& 
is  extracted  in  some  pacts  of  Eutope  in  great  qoantitics.^ 
Hence  it  is  known  by  the  name  of  joft  of  xamd^totrtl^ 
and  in  this  country  is  sold  under  the  name  of  iisentwl^' 
4alt  of  lemons.    It  is  mtotioned  bj  Dudoa  in  the  Me- 
moirs of  the  French  academy  for  JOOft.     Margraf  first 
proved  that  it  contained  potash ;  and  Schcele  discover- 
ed  its  acid  to  be  the  oxalic..   *A  great  many  interealing- 
experiments  had  been  prevtomsly  made  oo  it  by  Wen- 
zd  and  Wiegleb, 

It  may  be  formed,  as  Scheek  has  shown,  by  drop<** 
ping  potash  very  gradually  into  a  saturated  solution  o^ 
oxalic  acid  in  water  :  as  soon  as  the  proper  quantity  o^ 
alkali  is  added,  the  superoxalaie  n  precipitated.     BuiK> 
care  must  be  taken  not  to  add  too  much  alkali,  othcr*> 
wise  no  precipitatioa  will  take  place  at  all  *»    ka  crys-> 
tals  are  small  opaque  paralldopipeds  f.    It  baa  an  add, 
pnngent,  bitterish  tasle.    It  is  soluble  in  about  ten  times 
its  weight  of  boiling  water,  but  much  less  soluble  in 
cold  water.     It  is  not  altered  by  cxposuie  to  the  air.. 
Heat  decomposes  it.    The  salt  is  capable  of  combining 
with  most  of  the  alkalies  and  earths^  and  of  £omuog 
^vith  them  triple  sahs,  which  have  not  been  accurately 


•  Crcir.  ^-iiiJi,  I.  lo;.  Eftg.  TrantL.     '  *"         f  Rom6  <k  IMu 


Oxalates. 

Dr  Wotlaston  has  shown  that  it  contains   .9^'-  HI' 
tiiciif  dottble  the  proporlion  of  acid  which  oxalate  of 

poutb  cDDtaiBs. 

Sjit  3.  ^adroxaiate  cf  Potath. 
TbiI  curious  szlt  ha^  been  lately  discovered  bj  Dr 
Wolluion*  When  nitnc  or  munatic  acids  are  made  \o 
set  npon  superoxalaic  of  potash,;  ihey  deprive  it  of  one 
haltofits  alkali.  There  remains  behind  an  oxalate 
cmtuning  exactly  four  times  the  proportion  of  acid 
thitciius  in  oialale  of  potash.  Hence  the  name  gi- 
rcn  it  bj  Dr  Wollaston.  Thii  salt  ma;  be  purified  by 
istcoad  crystallization.  After  this,  if  three  parts  of  it 
be  decomposed  by  a  red  heat,  and  the  alkali  thus  evol- 
ved be  added  to  1  part  of  the  quadroaaiaie,  it  will  just 
nnven  it  into  a  neutral  oxalate  *. 

Sp.  4.  Oxalate  6/ Soda. 
WllKtwo  parts  of  crystallized  carbonate  of  Soda  are 
diBoIved  in  one  part  of  exalte  acid,  the  oxalate  of 
todt  partly  precipitates,  because  il  is  but  sparingly  so- 
lobk  in  water.  The  remaining  solution  3i!elds  by 
enporation  crystalline  grains,  which  give  a  green  tinge 
U^rup  of  violets,  and  are  perfectly  soluble  in  hoi  wa- 
Va\.  The  uste  of  this  salt  is  nearljr  ihe  same  as  thai 
of  oxalate  of  potash.  When  heated  it  falls  to  powder, 
tad  loses  the  whole  of  its  water  of  crystal  li  tat  ion.    It 

I     It  then  composed  of  03'C3  acid 

L^^  3U-37  base 

r    — = 

[        *  WatUitoo,  on  SapcrKJtf  utl  Subacid  rIu-  ftil.  Ttm:  i8oI. 
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H 


JMCts; 


jiT^y^.    "l^hJ*  salt  IS  also  capable  of  combininir  vrlth  an  excetr 

Dhriim*' III.        ^  ^      "^  ^    ^ 

acid,  and  forming  a  superox^late  spatingly  soluble 

water ;  but  the  properties  of  this  trxpFe  salt  havcf  i 

Keen  much  examined. . 

Sfii  i.    Oxalate  b/Aht9l»99um 

WiiEK  oxalic  acid  is  saturated  with*  ammonta,  the  \ 
Tution  yields  by  evaporation  oxalate  of  ammonia  cry 
tallized  in  four-sided  prisms^  tbrmintted  by  dxbedr 
summits.  The  lateraT  edges^  are  of^en  tfuncated,  so  i 
to  make  the  prism  siJb  or  eight-sided.     Its  tasle  is  %i 

t 

^f  and  unpleasant  somewhat  like  tfiot  of  saT  annlionlft 
At  the  tetnperature  of  60^  100  pa^ts  of  wat^^  dfssoU 
only  4*5  parts  of  this  salt..  The  speciCc  gravity  df  tt 
solution  is  t*0l86^  This  salt  is  insohiblc  in  alcoho 
When  distilled,  carbonate  of  ammonia  is  disetigaged| 
littte  of  the  acid'  if  sublimed,  and  s  residuum  of  chti 
coal  remains  behind.  This  salt  it  much  used  as  t.r 
active  to  detect  the  presence  of  lime  ^.  It  is  capab 
of  combining  with  an  excess  of  acid,  and  forming  a  £ 
peroxalate.     Oxalate  of  ammonia  it  composed  of 

74*45  acid 

25-55  base 


100*00 


"^  '  Sp.  6.  Oxalati  of  Alumi$ia^ 

Oxalic  acid  readily  dissolves  alumina,  and  fomrs 
salt  which  is  uncrystallizable,  but  furnishes  on  evaj 
ration  a  yellowish  pellucid  mass.     It  is  sparingly  t 


•  Bergman,  i.  af  r. 


^c^UL^^T^, 


•da 


Julie  in  alcohol, 
composed  of  ••••i 


It  has  a  sweet  astringent  taste*    It  is    Clvip.  JIL 
•••••44  alumina 

56  acid  an4  water-  ■  .  .    . 


-  n 


100 


_  «  .  -  ■ 

When  exposed  to  4he  air  it  deliqtitsces ;  and  f^  i|  has. 
iftn  previously  well  dried,  its  weight  is  increased  by. 
jda«    It  reddens  lomsolc  *« 


f 


Sp.  !•     Oxalaie  of  ALtgnesium 

T*BIS  salt  may  he  obtained  hy  saturating  oxalic  acid' 
^th  magnesia^  and  evaporating  the  solution.     It  is  in 
Ae  form  of  a  white  powder^     It  is  tasteless,  and  not 
sensibly  soluble  in  watery  yet  when  oxalate-  of  ammonia 
4S  mixed  with  sulphate x>f  jnagneaia,  no  precipitate  falls. 
But  if  the  solution  be  heated,  and  concentrated  suffi- 
cientljy  or  if  it  be  evaporated  tq  dryness,  and  redissol- 
Yed  ID  water,  in  both  cases  the  oxalate  of  fnagnesia  se- 
parates in  the  state  of  nn  insoluble  powder^     The  con» 
^tuents  of  this  salt  are  as  follows  : 


n.  In to to* 

BLE  OZA- 
•LATir. 


65 
36 

X   . 

Acid 

73-68 
20*32 

Magnesia 

Total 

100 

100       1 

^  lUd.  ii.  387. 
)  fi/  my  a&aiytii. 


t  £eKga»s,  0/v#f.  a.  262  and  ^iS^i 
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Oxalk;  arid  does  not  readily  dissolve  lime,  oa  aci 
coaot  of  the  insolubilitj  of  the  oxalate  of  th|it  base ; 
but  the  salt  may  be  easily  formed  by  dropping  oz« 
alie  acid  into  any  of  the  acid  solutions  of  lime,    Hm 


oicalate  of  lima  immediately  precipitates  in  tha  state 
a  white  insipid  powder,  insoluble  in  water,  and 
nicating  a  green  colour  to  the  syrup  of  violets.     Thi 
aalt  is  in  the  form  of  a  white  powder,  tasteless,  and  per 
ftctjy  insoluble  in  water.     But  i|  dissolves  in  al 
i|U  acids  with  ponsiderable  facility  ;  of  course^  it  is  qi 
precipitated  from  liquids  if  they  contain  an  excess  p: 
fri4*     The  composition  of  this  salt  is  as  fallows : 


e 

44*4 

55-6 

t        X 

Acid 

48  j    02-5 

Base 

40      3T5 

Water 

6 

Total 

joo-o 

100    J  00 

The  numbera  in  the  preceding  Table,  given  both  \x^ 
Vauquelin  and  Bprgman,  {  consider  as  very  erroneous* 
Vauquelin's  was  the  result  not  of  experiment  but  cal* 
iculation  \  and  Bergman  did  not  obtain  t)ie  whole  of  the 
salt,  but  on}y  a  part. 

No  acid  decomposes  this  salt  completely  except  by 
destroying  the  oxalic  acid,  nor  any  alkaline  or  earthy 


^  Vaoqvcltn,  Ann,  de  Cbim  \vt,  164- 
J  Bjr  my  analysis. 


\  Bergman,  l  x6s« 


hoty  ;  but  the  add  maj  be  easily  decomposed  anB  dij*    Chip.nt^ 
ven    off  bj  the  action  of  heat.     Oxalate  of  lime  is  not 
r^dered  solnble  by  adding  an  excess  of  acid,    flence 
it  19  probable  that  no  aaperoxalate  of  lime  exists. 

Sf»  Q*     Oxalat£  of  Barjtii. 

"Whew  oxalic  acid  is  dropt  into  barytes  water,  a 
^lilte  powder  precipitates,  which  is  oxalate  of  barytes. 
It  is  insipid  and  insoluble  in  waten  If  an  excess  of 
aci<l  be  added,  the  powder  is  again  dissolved,  andsma]! 
needleform  crystals  are  deposited  on  the  sides  of  the 
vessel.  These  are  «iperoxalate  of  bary fes.  The  same 
.crystals  make  their  appearance  when  oxalic  acid  is  dropt 

# 

into  concentrated  muriate  or  nitrate  of  barytes ;  but  if 
these  solutions  ase  largely  dilivkd  with  ^'ater,  no  pre- 
cipitmte  appeari.  When  tlie  superoxaUte  of  barytes  is 
lx>f  led  in  water«  the  exoess  of  acid  is  removed,  and  the 
$alt  falls  dowti  in  the  state  of  a  white  powder  *. 
The  constituents  of  this  salt  are  as  follows  : 

41*16  acid 
58*84  base , 


100*00 


iS^.  10.     Oxalate  of  Strtmtian. 

This  salt,  first  examined  by  Dr  Hope  and  afterwards 
bj  Vauquelin,  may  be  readily  formed  by  mixing  toge- 
ther a  solution  of  oxalate  of  potash  and  nitrate  of  stron* 
tiaa.    The  oxalate  of  strontian  immediately  precipitates. 


*  Bergtmn,  \.  163.    See  alto  Foorcroy  and  Vm^liii,  Mm^  J^'Im- 
4tit.SL  60.  and  Damcq,  Atm. it  Cim.ML  69.  *     .  . 


MELULXIIS.  Hit 


Onhtesc^  Acid.  CW|k  IIL 

Liine.«.M ••••100 60*00 

Potash lOO.^ 122-60 

Strontiaa  • 100^ 151*51 

Barytes 100^ 142*80 


s. 


•. 


#' 


ni.  uiss. 
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l!>Toiie  of  the  oxalates  liave  been  hitherto  applied  to 
any  nse,  except  the  oxalate  of  ammonia;  which  Is  often' 
employed'  by  chemists  to  detect  the  presence  of  little,] 
and  to  throw  it  down  from  liquids^ 

GxHus  VII.    Mellates. 

r  1  .    • 

■   '■•.■*•         '  ■   .  ■.  ' 

T^s  genus  of  salts,  in  consequence  of  the  scarcity 

of  mellitic  acid,  is  but  imperfectly  known*  Hitherto 
they  have  been  examined  only  by  Klaproth  and  Vao- 
quelin,  and  eren  by  them  too  slightly  to  admit,  a  de^> 
scription  of  their  properties*  The  following  are  all  the 
facts  hitherto  ascertained. 

1.  When  mellitic  acid  is  neutralized  by  potash,  the  ^^^^ 
solution  crystallizes  in  long  prisms*.  The  dcid  ap- 
pears capable  of  combining  with  this  salt,  and  forming 
a  supermellate  of  potash  :  For  when  the  mellite  (or  na- 
tive mellate  of  alumina)  is  decomposed  by  carbonate  of 
potash,  and  the  alkaline  solutions  mixed  with  nitrie 
acid,  crystals  are  obtained,  consisting  of  mellitic  acid 
combined  with  a  small  portion  of  potash  f  • 


•  Kl-v  pi  .'til's  Beitragt,  iii.  ijl. 

^  Vauqodiii,  Amm.  it  Ctim.  mvi.  209. 
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Ovytes. 


A^uniiiia. 


i.  Wlien  mellitic  acid  is  neutraliredbj  sodt^  die  to* 
lution  crjsta11ize<i  in  rubes  or  tfirec.sided  tables  ;soine* 
times  insulated,  sometimes  in  groups  *. 

9.  When  mellitic  acid  is  saturated  bj  ammonia^  the 
solution  yields  fine  transparent  six-sided  erjstals,  which 
become  opaque  when  exposed  to  the  air,  and  assume 
the  white  colour  of  silver +. 

4*  When  mellitic  acid  is  dropt  into  barjtes  water, 
atrontian  water,  or  lime  water,  ti  white  powder  imme- 
diately, precipitates,  which  is  redissolved  bj- adding  a 
little  more  of  the  acid  %• 

5.  When  the  acid  is  mixed  with  a  solution  of  suU 
phate  of  lime,  very  small  gritty  crystals  precipitate, 
which  do  not  destroy  the  transparency  of  the  water : 
but  the  addition  of  a  little  ammonia  renders  the  preci- 
pitate flaky  {•  The  precipitate  produced  by  this  acid 
in  lime  water  is  redissolved  by  the  addition  of  nitric 
acid  II  • 

fi.  When  this  acid  is  dropt  into  acetate  of  barytes,  a 
fluky  precipitate  appears,  which  is  dissolved  by  adding 
more  acid.  With  mtiriate  of  barjtes  it  produces  no 
precipitate  ;  but  in  a  short  time  a  group  of  transparent 
needleform  crystals  is  deposited,  consisting  most  likely 
of  suprrmellate  of  barytes. 

7.  When  this  ncid  is  dropt  into  sulphate  of  alumin;! 
it  tlnows  down  an  abundant  precipitate  in  the  form  of 
a  white  flak  r  powder  ^. 


\i.'lM»':l  '•*    'Irr'^a;;*,  iii.  III. 


TARTRATES. 

Several  of  tl)e  properties  jusl  mentioned  point  out  a  Chjp.lW_J 
KinbUnce  between  it>e  mellales  and  oxalates  ^  but  in 
^hert  these  two  genera  of  salts  differ  maieriailj.  Ox- 
alic acid,  for  instance,  docs  not  precipitate  alumina  from 
sulphuric  acid,  nor  docs  it  precipitate  lime  from  the  sul- 
phate o(  that  earth  tn  the  state  of  crystals. 


Gen-js  VII;.  Tartrates. 


TH0t!OH  tartaric  acid  was  first  obinineil  by  S.heeU 
in  3  separate  state,  several  of  ihc  tanraie*  had  been  prei 
viously  examined,  having  been  futmcd  partly  by  de- 
composing tartar,  and  partly  by  combining  it  with  tU 
th«  bases.  Since  the  discovery  of  puie  tartaric  aciij 
they  have  been  examined  by  Relzim,  by  Von  Packen^ 
and  more  lately  by  Then*rd.  They  imiy  bt  distinguish- 
ed by  the  following  properties  :  ■  ' 

1.   When  exposed  to  a  red  heat,  the  actd  is  decom*    chjTiew 
posed,  and  the  base  remains  generally  ia  the  state  of  n 
carbonate,  and  mixed  with  cliarcoal. 

3.  The  earthy  tartrates  are  nearly  insolable  in  wa« 
ter  I  the  alkaline  are  soluble  ;  but  they  combine  with 
an  excess  of  acid,  and  are  converted  into  superiariratet^ 
vrhicli  are  much  leis  soluble  than  the  tBrirnicj,  ' 

<l.  WheD  boiled  with  sulphuric  acid,  the  tartaric  actl 
is  sepaiaied,  and  may  be  detected  by  dropping  in  a  m>- 
Iniion  of  potash.  Tartar  precipitates  in  aaaJl  gritt^, 
crystals  like  sand. 

4.  All  the  tartrates  are  capable  of  combining  wild 
another  base,  and  forming  triple  salts. 

5^.    1.    TartiaU  of  Paliuh. 
Pr  Ihil  salt  there  are  two  vai  ieiiej.      The  first,  wbitb 


0f  fAn«> 

fi*mk  TT.     eontaios  to  eaneu  of  acid,  it  usimIIt  called  tmnmrf  the 
i_  iecood,  which  is  neutral,  was  formerlj  distinguished  by* 

the  name  of  loktUe  im^ar,  because  it  is  moch  norc  so* 
bsble  in  water  than  the  first  varic^. 

Variety  I.  SwpiHmrtrmit  of  PMasb.  •Thia  salt  is  obr 
tainedy  in  a  state  of  impuritj,  incmstedoacbeboCtioiii 
and  sides  of  casks  in  which  wine  hss  been  kept*  It  is 
afterwards  purifi.ed  by  dissolving  i^  in  b<>iling  water^ 
and  filtering  it  while  hot.  On  cooling,  it  deposits  the 
pu;«  nU  in  very  irregular  crjrscals.  In  .this  state  it  is 
sold  under  thr  name  of  ti^ystaU  or  crtam  ^f  tartar. 
fUmoff.  Tbift  salt  attraet<4  the  peculiar  attention  of  chemist^ 
probably  in  consequence  of  the  eztravagant  encomiums 
|uid  invectives  bestowed  on  it  by  Paracelsus*  It  is  cal*. 
)ed  tartar^  uy$  he,  because  it  produces  the  oil,  water, 
tincture,  and  salt,  which  burn  the  patient  as  Actf  does. 
According  to  him,  it  is  the  principle  of  evf ry  disuse 
and  every  remedy,  and  all  things  contain  the  germ  of 
it.  This  ridiculous  theory  was  combated  by  Vap  Hel« 
mont,  who  gives  a  pretty  accurate  account  of  the  for* 
mation  of  tartar  in  wine  casks  *•  It  was  l^nown  to  Van 
Helmont,  and  even  to  his  predecessors*  that  potasi| 
^oold  be  obtained  from  tartar  i  but  it  was  long  a  dispa* 
ted  point  among  chemists,  whether  that  alkali  existed 
in  it  ready  formed.  Duhsmel,  Margraf,  and  Rouelle^ 
at  last  established  that  point  beyond  a  doubt  ^  but  the 
#ther  component  part  of  tartar  was  unknown,  or  very 
imperfectly  known,  till  Schecle  pointed  out  the  method 
of  extracting  it* 


Idruri  J  Ml  Buforijt  Van  Hclmonr,  p.  114. 


TAKTXATES. 

'  The  crystals  of  tartar  ,are  very  small  and  irregular.  Ch»p-  f 
rording  10  Manner,  they  are  prisms,  somewhat  flat, 
I  moitly  with  six  sides.  Tartar  has  an  acid,  and 
»er  unpleasant  laste.  Ft  is  very  brittle,  and  easily 
Bduced  to  powder.  Its  specific  gravity  is  |-{i53t-  It 
I  soluble  in  about  eo  parts  of  cold  water.  When  boiled 
IB  water,  the  litjuid  takes  up  nearly  -^A  part  of  the 
siiltl.  Ittsnot  aluTcd  by  exposure  lo  ihe  air  ;  but  whed 
its  solution  in  water  is  allowed  to  remain  for  iiome 
time,  the  sah  is  gradually  decomposed,  a  mu cons  mat- 
ter is  deposited,  and  there  remains  in  soluiion  carbo- 
nate of  potash  coloured  with  a  little  oil.  Tlils  decom- 
pokition  was  iint  accurately  described  by  Berthollet  in 
17S2*. 

When  tartar  is  heated,  itmelit,  swells,  blackens,  and 
the  acid  is  entirely  decomposed.     The  same  changes 
take  place   when  the  snh   is  distilled    in   close  vessels. 
The  phenomena  of  tliisdiuillation  have  been  described 
with  ^reai  care,  and  ill  products  very  attenttTcty  exa^ 
mined  by  chemist t;  because,  before  the  discovery  of  the  I 
tartaric  acid  by  Scheele,  tJistillalion  was  the  only  n 
tfaod  thought  of  for  obtaining  any  knowledge  of  ibfc  J 
add  part  of  tartar.     These  products  are   an  enormoiu 
quantity  of  gas,  (.-oiutsiing  of  carbonic  acid  and  carbu- 
>eted  hydrogen,  an  oil,  and  an  acid  ;  and,  according  to 
some   clicmisis,  earbtmatt  of  ammonia.     The  acid  ob-    Pjro-u 
lained  was  loitg  considered  as  a  peculiar  body,  and  was  ' 
itaavRXXiMt-A  fyro-tartarout  acid   by   the  French  ch^ 
usts  in  1761  -.     But    Fourcroy  and    Vauqaelia  have 
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Book  ir.  Utdy  dcmoiittrated,  thai  it  is  no  other  than  acetic  acid 
<      y    mj  contaminated  with  a  little  empyreumatic  oil  *• 

The  tartar  of  commerce  it  never  qui^  pore.  All  the 
apeciment  which  I  had  an  opportunity  of  examining^ 
contained  rather  more  than  5/#rrMr/.  of  tartrate  of  lime. 
A  number  of  specimens  were  examined  by  Vauqoeliii 
4ind  Boulla^i  they  found  the  tartrate  of  lime  to  Tarjr 
from  5  to  6  per  cent,  f  • 

The  composition  of  pure  tartar,  according  to  the  most 
accurate  experiments  hitherto  made,  is  exhibited  in  the 
following  Table. 


tioo. 


t 

57 

93 

i 

II 
77 

23 

100 

Acid 

73-4 

Pottsh 

20-6 

Water 

7 
91 

Total 

100 

Variety  2.  Tartrate  of  Potasb.^^Thh  salt  is  asnaU 
ly  prepared  by  adding  at  intervals  tartar  in  powder  to  n 
hot  solution  of  carbonate  of  potash  till  all  effervescence 
ceases.  The  solution  is  then  boiled  for  some  time,  and 
afterwards  evaporated  till  a  pellicle  forms  on  its  surface. 
On  cooling,  the  tartrate  of  potash  crystallizes  in  fiat  four- 
sided  rectangular  prisms,  terminated  by  dihedral  sum- 
mits.   This  salt  has  ah  unpleasant  bitter  taste.    Its  spe. 


*  Attn,  de  dim.  zxiT.  l6r. 

I  7'hcfiard»  Ann.  de  C6im.  XTXTiii.  39. 

I  Bcrgmam,  0/j<;^.  iii.  36?. 


f  Ann.  df  Clfim,  Ixii.  41^ 
{  By  my  analftiiw 


TAftTlLAT£S«  Q$ 

cific  gnrbf  it  1^5561  *.  According  to  Wenzel,  it  is  ^Chip.  ICL^ 
soluble  in  its  own  weight  of  water  at  the  temperature  of 
50^,  and  still  more  soluble  in  hot  water  f  •  When 
heated  it  melts,  swells  up,  blackens,  and  is  decom« 
posed.  It  contains  just  half  the  proportion  of  acid  which, 
exists  in  tartar.  Hence,  abstracting  the  water  of  crystal* 
Itzation,  of  which  it  contains  a  good  deal,  it  is  composed 
of  about 

53  acid 

42  base 


lou 

Sf.  2*    Tartrate  of  Soda. 

This  sidt  may  be  formed  by  dissolving  soda  in  tarta« 
ric  acid.  It  crystallizes  in  fine  needles.  Its  specific 
gravity  is  1*7431  %•  It  is  soluble  in  its  own  weight  of 
cold  water  }•  It  is  capable  of  combining  with  an  ex* 
<:e&s  of  acid,  and  forming  a  lupcrtartrate  of  soda,  which 
is  nearly  as  insoluble  in  water  as  tartar  ||. 

Sp»  3.    Tartrate  of  Ammonia* 

Tux  crystals  of  this  salt  are  polygonous  prisms,  not 
unlike  those  of  the  last  described  fait.  It  has  a  cooling 
bitter  taste  like  that  of  nitre.  It  is  very  soluble  in  wa* 
ter.  Heat  decomposes  it.  This  salt  also,  as  Retxiua 
afGrms,  combines  with  an  excess  of  acid,  and  forms  a 
supertartrate  almost  as  insoluble  in  water  as  tartar. 


•  Ha«scn|ratz,  Ann.  dt  Chim,  xxviiL  la.         f  Ver^twhUtchaft^^.  30S, 
I  HauentratZy^nA.  /«,•  Oim.  siyiil  1%.         5  Wcoxcl,  p.  308. 
ii  Thcnard,lbi(L 


iAZ.T|. 

^^^  U;.  SP'  ^*   Tartrate  of  Potash'^md^Soda* 

•  *  This  salt  it  usually  prepared  by  putting  one  part  of 
tartar  in  five  parts  of  boiling  water,  and  adding  gradu- 
ally carbonate  of  soda  in  powder  as  long  as  it  conti- 
nues to  produce  an  effervescence.  The  tartar  gradual^ 
ly  dissolves.  When  the  saturation  is  con^plete,  the  so« 
lution  is  filtered  and  evaporated  to  the  consistence  of  a 
syrup.  On  cooling,  the  tartrate  of  potash»and*soda 
crystallizes. 
^^^*  This  salt  has  been  distinguished  by  the  name  of  salt 

ofSeigmtte^  because  it  was  first  formed  and  introduced 
into  medicine  by  Mr  Seignette,  an  apothecary  at  Ro- 
chelle.  This  gentleman  recommended  it  in  a  tract  pub« 
lished  in  1672.  It  was  soon  after  introduced  into  prac- 
tice in  Paris  by  Lemery  ;  and,  becoming  a  fashionable 
medicine,  made  the  fortune  of  the  discoverei .  For  some 
time  its  composition  was  kept  secret ;  but  Boulduc  and 
Geoffroy  discovered  itsbomponent  parts  in  1731. 

This  salt  crystallizes  in  prisms  of  eight  or  ten  tme- 
qual  sides,  having  their  ends  truncated  at  right  aagles. 
They  are  generally  divided  into  two  in  the  direction  of 
their  axes ;  and  the  base  on  which  they  stand  is  mark* 
«d  with  two  diagonal  lines,  so  as  to  divide  it  into  four 
triangles.  It  has  a  bitter  taste.  It  is  almost  as  solubie 
as  tartrate  of  potash.  It  effloresces  when  exposed  to  the 
air.  Haat  decomposes  it.   Its  specific  gravity  is  1*757*. 


sr=s; 


»      ■  • 


ACtidt&g  to  the  andy tis  of  Vauqucllni  h  b  IMA        j^^-^^ 

54  tartrate  of  potash 
46  tartrate  of  soda 

100* 
Aoc«3l:dtil2  to  the  experiments  and  ealeulhtioiis  «l 
Scbal  SK^  it  is  composed  of 

41*3  acid 
14*9  potash 
13*9  soda. 
iVl  water 


100*0  + 

^^iis  triple  salt  maj  he  formed  hj  pouring  ammoniA 
int^  supertartrate  of  pbtash*  Its  crystals,  according  to 
M^ojaer,  are  prisms  with  four,  five,  or  siit  sides  i  ae-» 
cordiogtothe  fiijon  academicians,  parallelopipeds,  with 
tv^«>  alternate  sloping  sides* 

Xt  has  a  cooling  taste.  It  is  Soluble  enough  in,  wa« 
ter-*    It  cfiorescea  in  the  air*    Heat  decomposes  it« 

Sf*  C.    Tartrate  of  ^agnesiti. 

This  salt  is  insoluble  in  water  except  there  be  an  ex* 

c^ss  of  acid  present*      It  then  affords  by  evaporation 

ftixiall  crystals  in  the  form  of  hexangular  truncated 

prisms  %•    It  has  a  more  saline  tastcj  and  is  more  fusiblo 


^  Fonrcfoy,  Tii.  146.  f  GdilfD*!  /nrr.  iT«  tfii 

\  Bergman,  i.  388. 
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than  Urtrate  of  lime  *.     Hcai  tu-»t  melts  and  aflcrwart 
I   decomposes  U. 

Sp.  1.    Tartrtat  of  Potiuh-taid,Magn*tM. 

This  triple  salt.  Grit  ciBiniiied  by  thr  Dijon  icadi 
niciani,  inay  be  fornied  by  disMlvmg  magnesia  or  i 
carbonate  i»  tartar.  The  soluiion,  according  to  tlieu 
jicldi  by  evaporation  needle. form  crystals :  but^  «( 
[  cording  to  Tlicnard,  tbi$  triple  salt  docs  not  ciystaLlixc^ 
flod  wbes  evaporated,  it  (i«:li(juesces  f. 

Sp.  B.     Tartratt  of  Limt. 
Tats  salt  may  be  formed  by  diicolving  lime  ij 
taric  acid,  or  more  t cotiomically  by  dissolving  tartar  n 
boihng  water,  and  adding   to  the  solution  carbonate  a 
lime  in  powdet  till  it  ccosei  to  prodncc  any  cScrvcKenci 
nd  lo  redden  vegetable  blues.     Tartrate  of  lime  pn 
F'npitalcs  in  the  state  of*  white  powder,  tasteless,  ncai 
[  lj  insoluble  in  cold  water,  but  soluble  in  COO  parts  i 
r  lioiling  water.     U  is  rcudercd  soluble  in  water  by  i 
T  excess  of  acid,  or  by  being  mixed  with  some  of  the  H 
f  table  tartrates,  k  uu  lai  and  Rochelle  salt.      When  L 
I'tte  state  of  a  dry   powder,  it  contains  a  very  cons 
T  dcrable  proportion  vi  w.WiT,  from  which  it  can  only  E 
rftecd  by  a  long  exposiure  to  beat.     According  to  ■ 
utytisy  it  is  coiD^Lbc.^  of 

fte'acid 
3x  iime 


VtwjMlin  and  Boullay  found  the  propgrdco  t>f  Ubk  to    Chi|>.  ni. 
UMuat  to  »5  frr  ent  •. 

t[>i  04     7artrateofPolathimJ-.Limt. 

Tuis  Mit  was  iirsi  poioicd  out  bj  Thmard.  It  ms/ 
W  formed  by  pouring  Umc-waier  into  the  solution  of 
taiuite  of  potash  till  a  pr eci  pitate  begins  (o  appear,  and 
then  illawing  the  lii^uid  ID  evaporate  sponianeouslj. 
The  triple  talt  gradual)/  attaches  itself  to  ihc  sidc3  of 
Itie  vhkI  in  cr/siaUf. 

Sp.  10.    Tartrate  of  Baryttt. 

TaitakiC:  acid  forms  with  barytes  a  soluble  salt,  thft 
prapcities  of  which  have  uotbeea  examined.    It  isde^ 
d  \)y  ozitlic  acid  |, 


Sp.  11.  Tartretto/^rontian. 
This  salt,  first  ezamiued  by  Ct  Hope>  aodatficT* 
wardi  by  Vauquclin,  any  be  formed  by  di&solviogairon- 
tiao  ia  tartaric  acid,  or  by  miltng  together  solutions 
«f  nitrate  of  stroniian  and  tartrate  of  potash.  Its  cry s- 
uli  iTE  small  regular  triangular  tables,  having  the  edges 

t»  sharp  aad  well  defined.      It  is  insipid,     ll 
in  3jto  parts  of  boiling  vtiter.     It  ii  compo- 


47*12  acid  and  v 
S2'SS  stroniian 

100-00  $ 


')m.Ji  Ct!m.  Uil.  41.  1 1)>><1-  I'atiU.  3 

ITounroj  »nd  Vauquclin,  Mtm-Jtriulit-il  6i. 
IVn^Iln./Mi-.*  jr.*.  <^0.Ti.p.  v$. 

Gfl 


^S^_^P  Sf.  12.aiuH3.     Tartratt  of  Potiub-anJ- Barytu,  etmf 
*■■  ^    i—i  Tarlrate  o/Totasli-aiiJ-  Sironlian.  * 

•  These  two  triple  salts  may  be  formed  in  the  same 
way.  They  have  been  pointed  out  by  Thenard  ;  but, 
like  the  preceding  salt,  their  properties  arc  »(iU  utidc' 
■ctibed  *. 

Sp.  14.    Tartrate  of  jiiumina. 
Tbis  salt  doei  not  cryitaltize,  but  forms  by  evapora. 
tion  a  clear  transparcni  giiLnniy  maHB.      Its  taste  is  a*-'^ 
*    '      tringcni.      It  is  soluble  ia  water.      It  docs  not  deli- 
quesce in  the  alrf, 

Sp.  15,    Tarlrati  of  Poiasb-anJ-jil/umina.  "-J 

This  triple  salt  is  formed  by  saturating  (ariar  witS 
•lamina.  It  bears  ^LVery  striking  resemblance  to  the 
Ja«t  described  salt,    "nit-tiard  has  observed,  ihai  no  pre- 

■It,  cither  by  the  addition  of 
I  I  or  their  tesj. 

-i  /_ T    . . .  Sj>.JG     Tnrtrait  of  Yttria. 

YtTKiA  is  pr«eipiMt  d  from  its  solution  in  acids  by 
I  iartraie  of  potasli ;  bot  an  addition  of  water  dissolves  the 

pretipiiate  t.  Hence  it  follows  that  tartrate  of  ytliia  ii 
soluble  in  water. 


Such  is  an  imperfect  account  of  tfae  tartratea.     The 


•  ^im.  it  Clim.  >HTiii  31.  t  Von  Pukcn- 

1  A...  J,  Clim.  uiiiii.  3j.  J  Kbfracb't  J 
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CZtRATSS.  ^tOl 

"^Mowing  Tsble  gives  4be  proportion  of  the'coiisdti:i^    Chtp.lIL^ 
^^  of  these  salts,  according  to  the  experiments  of  Hick* 

Tanfitnof  Acid.  Bate. 

Alumina ]00 31*06 

IMagnesia lOO •  30*30     * 

Ammonia 100 39*67  ; 

Xime ^....lOO 4d*8i  .    -^ 

Soda 100 50*80 

Stronlian lOQ..  ••  ..pm   78*60 

Potash 100  •.•••..  •   94*92 

Barytes. 100 .131*41 

— — — ^ m.  uttf 

Of  TUB 

ITjQE  onlj  tartrates  hitherto  applied  to  use  are  tartar,  i*aa. 
tart^^te  of  potash,  and  Rochelle  salt. 

'Tartar  is  useful  in  man  j  of  the  arts,  as  dyeing,  felting^ 
&c.  Tartaric  acid  is  always  procured  from  it.  It 
liL^vrise  furnishes  pure  potash.  In  medicine  it  is  ex« 
trcxxiely  useful,  especially  in  dropsical  cases.  The  other 
two  salts  are  employed  cliiefly  as  cooling  purgatives* 

Rxchter  has  pointed  out  a  method  of  obtainmg  man- 
gatiese  in  a  state  of  purity  by  means  of  tartrate  of  pot- 
asVs.     If  that  salt  be  mixed  with  an  acid  solution  con* 

« 

tmining  nianganese,  crystals  of  tartrate  of  manganese* 
^nd-potash  gradually  separate. 

GxMus  IX.    Citrates. 
As  the  citric  acid  was  first  obtained  in  a  state  of  pu« 


SMi^Mi  dimfw/t.  ts^. 


■^  •'■     ri(y  hy  Scheelc,  we  may  consider  liitn  as  the  author  oi 

*■    y  — j'  the  first  accurate  remarks  on  the  citrates.      Several  o| 

them  have  been  lately  examined  with  considerable  U* 

tention  by  Vautjuelin  i  but  they  are  stilt  very  impci* 

fectly  known. 

The  citrates  may  be  distinguished  by  the  following 
properties : 
^^j^,^         ]  .  The  solution  of  barytei  formsa  precipitate  in  ths 

alkaline  citrates. 
)  2.   They  are  decomposed  by  ibe  stronger  mineral 

acids. 

3.  They  are  decomposed  by  the  oxalic  and  tartaiic 
acids,  which  occasion  on  insoluble  precipitate  io  ibetr 
/  ffolutioni, 

«.  V^n  diatUldi,  tbi7  ywIA  tiwa  ofaMde  pcid, 
.  Their  aplntioa  ia  w«ter  » imbuQ^  fcwnfindi 


Sp.U     Citratr  o/P»tMi. 

Ti(is  salt  may  be  formed  by  dissolving  carbonate  of 
potash  in  citric  acid,  and  evaporating  the  solution  to  lh« 
requisite  consistency.  It  is  very  soluble  in  water  j  doe* 
not  crystalline  easily ;  and  readily  deltquescci  when  ex* 
posed  to  the  air.      It  i>  composed,  according  to  V«t* 


gueliOi  of 


£5'5S  acid 
44-45  potwb 


10«*«0« 


•  l•wfty,l^l.»o^ 


CITftATXt;  tfbK 

Tim  «alt»  rttber  its  solntioa  in  wati^  it  often  em-    Cl^gL 
plojred  in  this  coootry  as  a  medicine  to  alia/  aickjiessp 
^  put  a  stop  to  Tomitiog. 

Sp0  2.    Citrate  ofSodam 

Tris  salt  maj  be  formed  bj  the  tame  process  as  the 

hst  species.     Bj  proper  evaporation,  tt  i6<Atatned  cry^ 

stallized  in  six-sided  prisms,  not  terminated  by  pyra« 

nids.    Its  taste  is  salt  and  cooling,  but  mild,  ^t  is  so- 

Uein  l\  parta  of  water*      When  exposed  to  the  air, 

It  effloresces  slightly.     When  heated,  it  melts,  swells, 

babbles  np^  blackens,  and  is  decomposed.    According 

to  Vaoqoclin,  t€  is  composed  of 

00'7  acid 
S9'3  soda 


100»0* 

*X0is  salt,  formed  by  dissolving  carbonate  of  ammonia 
\Vk  otric  acid,  does  not  crystsdlize'till  its  solution  be  eva- 
poT^ted  to  the  consistency  of  a  thick  syrup.  Its  cry» 
stalls  are  elongated  prisms*  It  is  very  soluble  in  water. 
I^s  taste  is  coolbg  and  moderately  saline  f.  The  am«i 
fxionia  is  separated  by  the  applioatioo  df  heat  %• 
Accordiog  to  Vau^uelin,  it  is  composed  oi 

02  acid 
38  ammpnia 

joof     • 


f  Foorcfojr,  Til  so;.  t  DoImcip. 

tSdbtfcl^  {  BMrcra^r,  Tit.  2C(. 


MrkionXn 


fifii^it  Sf.  4.  Citrate  ofM^^M. 

Tm%  stlt  mt J  be  formed  bj  dttsolThigf  otrbofiftte  of 
magnesia  in  citric  acid.  Thit  solation,  though  ertpo* 
rated  to  a  thick  syrup^  does  not  ciystaUize ;  but  it  gra« 
dually  assumes  the  form  of  a  white  opaque  soft  mass, 
which  rises  in  the  vessel  like  a  mushroom.  Acoordin^ 
to  Vauquelin,  it  is  composed  of 

60*60  aoid 
93*34  magnesia 


100-00  ^ 

5^9  5*   Citrate  of  lime. 

This  salt  is  formed  bj  dissolving  carbonate  of  lime 
in  citric  acid*  It  is  usunllj  in  the  sute  of  a  white  pow- 
der scarcely  soluble  in  water  ;  but  it  is  soluble  in 
excess  of  acid»  and  may  be  obtained  from  that  soluti 
in  cryitak*  Acpordiag  to  Vauquelin^  it  ia  com 
•f 

6S^*M  acid 

37*34  lime 


100*00 1 

Sf.  0.  Citrate  ^Bmrytu. 

WvKir  barytea  is  added  to  a  solutioo  of  citric  add, 
iaky  precipitate  appears,  which  is  at  first  dissol 
igain  by  agitation  \  but  remains  permanent  when 
saturation  is  complete.     The  citrate  of  barytcs^ 
farmed,  is  precipitated  in  the  state  of  % 


•  roircr»7,  Til  soS.  ♦  1 


CITRATM,   •  Iff 

^  it  gndjfoUj  astumes  the  appearance  of  ailky  flakes,  ^Cfcty.  Iir. 
or  forms  a  kiod  of  vegetation  very  brilliant  and  beanti-^ 
fid.    It  requires  a  great  quantity  of  water  to  dissolve  it* 
This  salty  according  to  Vauquelin,  is  composed  of 

50  acid  crystallised 
50  barytes 


100 


« 


Sp.  7.   CUraie  ofStrontumn 

This  salt  was  obtained  by  Vauqaelin  by  mixing  % 
solution  of  citrate  jof  ammonia  with  nitrate  of  strontian* 
fJo  precipitate  appears  \  but  when  the  liquid  is  slowly 
evaporated,  small  crystals  of  citrate  of  strontian  are  gnu 
dixally  tomed.  This  salt  is  soluble  in  water,  and  ez« 
iiibits  nearly  the  same  properties  as  the  oxalate  6r  tar^ 
tr  atse  of  strontian  f. 

^he  remaining  citrates  have  not  hitherto  been  eja* 
ified. 
The  following  Table  exhibits  the  proportions   in 
liich  the  constituents  of  these  salts  unite,  according  to 
tlie  experiments  of  Richter  ^,  which  differ  very  mate* 
rially  from  those  given  above  by  Vauqoelin. 

Citrates  of                     Acid.  Bate. 

Alumina ..lOO 31*19 

Magnesia 100— ••» 36*54 

Ammonia 100 30*93 

Lime ;..*.100 47*12 

Boda... ICO 51*04 


.irfL  ao7.  f  Jmr.  it  Mim,  An.  yL  p.  |6. 


Booliff.  Ciintetef  Acid. 

?!!!f!!!!l-  StroDtiin lOO,... 18-9t 

.^    '     Pottsh.. • lOO,. •••••  05*30 

•  Barytes. X00«.«.f*««.*lS8*03 


t 


$cArcelj  ^7  of  these  lalu  hive  beeo  ap^ed  to  U9C« 

Cf  HUS  X»     KlVATCS. 

HxTBERTO  onljr  one  ^pectet  of  this  genus  of  salts  has 
V^&  examined^  the  kinate  of  lime,  which  ejusts  tn  % 
ipectes  of  Peruvian  bark*  It  wu  first  extracted  and 
described  by  Mr  PeKhanaps  junior,  an  apothecary  at 
X70QS  *,  but  was  afterwards  ejumined  more  ip  detail  b/ 
Vauquelio,  who  ascertained  its  properties  and  its  coaiii« 
yositioQ  f  • 

The  following  are  the  only  characters  of  this  geoi{|. 
of  salts  which  have  yet  been  determined : 

)•  They  are  all  soluble  in  water,  aqd  have  the  pro« 
nerty  of  crystallii^ing, 

2.  They  occasion  no  precipitate  when  dropt  into 
the  solutions  of  nitrates  of  silver,  mercury,  lead^ 

3^  When  exposed  to  su^cient  heat  they  are  deeom^ 
|K>sed,  the  acid  is  dissipated,  and  the  base  remains 
in  the  sti^te  of  9  ^rboiiate,  and  mixed  with  charcoal. 

^«  1.  JTuffl/tf  of  Lime. 

.  This  salt  may  be  obtained  by  macerating  yellow 
ruvian  bark  in  water,  concentrating  the  liquid,  and 
ting  it  aside  for  spontaneous  evaporation. 


A'^n.  dc  Chim,  il?iii.  Cy  f  Ibid  Hi. 


R»AtES. 


Wt 


It  iiwbitc,  crystJIitesin  square  or  thomWidal  pUtM,   ^CTip-lB. 
has  no  lajtc,  and  is  flexible  under  ihc  tecih. 

It  disxtlves  in  aboui  Ave  iim«s  its  weight  of  water 

of  the  lemperatuTe  of  55".     U  is  insoluble  in  alcohol. 

On  burning  coals,  it  swells,  giving  out  the  smell  of 

tanar,  and  leaving  a  mixture  of  carbonau  of  lime  and 

charcoal. 

The  fixed  alkalies  and  their  carbonates  precipitate 
lime  from  the  solution  of  this  salt,  but  ammonia  produ- 
ces no  efFcci.  Sulphuric  and  oxalic  acids  precipitate 
liine  tikewi<ie  j  but  neither  acetate  ot  lead  nor  nitrate  of 
ttlver  produce  any  eff'cct, 

100  pans  of  this  salt  dtasolved  in  water  require  32 
parts  of  oxalic  acid  to  precipitate  all  the  lime.  The 
exahte  of  lime  obtained  amounted  to  £7  parts.  Now 
the  lime  in  £7  pans  of  oxalate  amounts  nearly  to  11 
parts.  Henoe  the  salt  is  composed  of 
17  lime 
83  acid  snd  water 


IDO 


GENxn  XI,    Saccolates. 


These  salts,  hitherto  examined  onl}'  by  Scheele,  arq 
^most  entirely  unknown.  The  following  are  alltb* 
facts  mentioned  by  that  illustrious  discoverer. 

1.  Saccolate  of  potash.  Small  crystals,  soluble  ia 
vicht  times  their  weight  of  boiling  water  *. 


•  tfbtclt  pn  Ai*r  -/Mili. 


y^  m       *'  SMCokte  of  soda.     The  same ;  aoIoUo 
timet  their  weight  of  boiltt^  water  *• 

3.  Saccolate  of  aininonia.     A  salt  which  haa 
if h  taste^    Hemt  teparatea  the  ammonit  f. 
4-  Saccolaie  of  barjrtea. 
5.  Saccolate  of  lime.  f    Jheaeare  aali 

0.  iJaccolate  of  magnesia.     1       luble  in  wati 
T*  Saccolate  oi 


GZTKVZ  XII.     SlBATES. 

At  the  tebacid  add  was,  strictljr  speakiag,  nn 
tin  tha  laie  experiments  of  Thenard,  the  descrip 
the  sebatet  published  by  fiormer  chemists  cannot 
nitted  as  exact  till  tbcj  be  verified  by  a  new  ez 
lion*  ThcK  aalts  of  course  are  unknown^  ifrwe 
the  few  facts  pointed  oat  by  Thenard.  .  Thia  c! 
however,  has  announced  his  intention  of  publi 
detailed  account  of  them  $• 

U  When  sebacic  acid  is  dropt  into  barytea 
lime  water,  or  strontian  water,  it  does  not  rendi 
liquids  turbid.  Hence  we  learn,  that  the  sebatej 
alkaline  earths  are  soluble  in  water. 

2.  The  alkaline  sebates  are  likewise  soluble, 
•f  potash  has  little  taste,  doea  not  attract  moistui 
the  air  ;  and  when  sulphuric,  nitric^  or  muriatic 
poured  upon  it,  sebacic  acid  is  deposited.     Vfh 
•oucentrated  aolution  of  this  salt  is  mixed  with 


L  '.■. 


•  Schecle  on  %^  t/MiU.  f  Ibid.  -     ^WL 

f  The  84lts  dcKribcd  by  Crell  as  SiUiet^ 


wy||»* 


e  acids,  it  becomes  solid  from  the  crysialliiauon  of   Chip,  ni. 
tiw  scbacic  acid  *. 


Genus  XIII.     Urates. 


Souc  of  ihe  properties  of  the  urates  were  investiga- 
ted by  Scheele,  the  discoverer  of  uric  acid.    A  few  facts 
*ere  pointed  out  by  Fourtroy.     Bui  for  the  most  com- 
plete account  of  them  which  has  yet  appeared  we  are 
indebted  to  Dr  Henry.    They  may  be  obtained  by  boil- 
ing the  ba&e  with  an  excess  of  acid  in  a  proper  quantia 
ry  of  water,  filtratiDg  the  soluiioo,  and  evaporating  il  lo 
drjrneis.     The   following  are   the  properiin  of  these 
ulis,  as  ascerlaintd  by  Dr  Henry. 

The  urates  of  potash,  soda,  aramonia,  barytes,  strong 

tian,  time,  magnesia^ and  alumina,  obtained  by  the  pre- 

oeding   process,  are    neutral,    have  no  taste,   and  can 

tCATcely  be  distinguished  in  appearance  from  pure  uric 

icid.     They  are  not  altered   by  exposure  to  the  air. 

Xbey  dissolve  with  ^reat  diiTiculiy  in  water,  urate  of 

Lcnmonia  being  the  mo^t  soluble,  and  urate  of  baryies 

iVic  most  insoluble.     Next  to  urate  of  ammonia  are  the 

&xcd  alkaline    nratcs  ;  then  urates  of  lime,  strontian, 

xoaeoesta,  and  alumina.    From  a  watery  solution  of  any 

of  the  urates,  the  uric  acid  is  precipitated  in  the  state  of 

a  ntiilc  powder  by  all  the  acids,  except  the  prussic  and 

drlonic.     A  while  powder  precipitates  when  the  ni- 

inics,  acetates,  or  muriates  of  barytes,  stronliao,  litnc, 

nsgue^ia,  alumina,  arc  mixed  with  the  alkaline  urates. 

Apiccipiialc  appears  also  when  anymetalJiue  salt  (ex> 


•  T}ifnu<J,Nicbolwii'iS<o/wr.  1^34. 


ISO 


BAttS. 


t»*i«oat1l. 


Book  ir.  ccpt  the  salts  of  gold)  is  dropt  into  *  solution  of  s  ttf 
These  precipitates  arc  of  ditTicult  solubility,  "S 
have  all  ft  white  colour  except  urate  of  iron,  whtq 
siightlj  red,  and  urate  of  capper,  which  has  a  shu 


yellowish  green. 


1 


The  urates  of  the  alkalies  and  alkaline  earth*^ 
solve  in  the  solutions  of  iheir  respective  bates,  fbrv 
suburates  much  more  soluble  than  the  neutral  ■ 
These  solutions  arc  precipitated  by  all  the  acids  (ij 
by  the  carbonic  and  prussic).  When  a  small  qiisJj 
of  acid  is  dropt  in,  the  precipitate  is  a 
ao  excess  of  acid  is  nccesbary  ti 
in  a  separate  state. 


litate  is  a  neutral  ud 
to  procure  the  otic  i 


Genus  XIV.    MAtM.TES. 

This  gemii  of  salts  is  almost  unknown,  owing  d 
Ij  to  the  diffictilty  of  procuring  pure  malic  add. 
following  are  the  only  facts  hitherto  ascertained.     * 
1.  Malate  of  potash.        i  These  salts  were  forma 
V.  Milate  of  soda.  VScheelc.   Theyaredelia 

S.  Malate  of  ammonia.  J  cent  and  very  soluble.  '' 
4.  Malate  of  barylft.  When  malic  acid  is  dropT 
barytes  water,  a  white  powder  precipitates,  whi 
malate  of  baryics.  According  to  Scheelc,  the 
lies  of  this  salt  resemble  those  of  malate  of  lime. 

5.  Malate  of  sironiian.  Malic  acid  occ»h>ii| 
precipitate  in  strontian  water.  Hence  it  folloWi^'^ 
malate  of  strontian  is  more  soluble  than  tnalate  of 
tytei*.  ' 


»  Vtlht.tr,  An.  *  CUm,1 


WbcQ    tnalic    acid  is   neutralized  with  lirtic,  it 

mnns  a  salt  scarcely  soluble  in  water,  v^'hich  may  be 
obtained  ia  crystals,  by  allowing  the  supertnalaie  of 
Udc  to  evaporate  spontaneously.  Crystals  of  neutral 
aalaic  arc  formed  in  the  solution  *.  But  tbis  acid  has 
amoog  tendency  to  combine  in  excess  with  lime,  and 
IQ  form  a  supermalatc  of  lime.  This  salt  is  formed 
wfau  carbonate  of  lime  is  thrown  into  malic  acid,  or 
into  any  liquid  containing  it.  Tliis  supersalt  exists  ia 
various  vegetables,  especially  the  sempervivum  tecto- 
StMi,  and  some  of  the  sedums. 

Supcrmalate  of  lime  has  an  actd  taste.  It  yields  s 
precipitate  with  alkalies,  sulphuric  acid,  and  oxalic 
add.  Lime  water  saturates  the  excess  of  acid,  and 
throws  down  a  precipitate  of  malaie  of  lime.  When 
the  supcrmataic  of  lime  is  evaporated  to  dryness,  it  as- 
lumcs  exactly  the  appearance  of  gum  arabic  ;  and  if  it 
Las  been  spread  thin  upon  the  nail  or  wood,  it  forms  k 
ramisb.  It  is  not  so  soluble  in  water  as  gum  arable^ 
ind  ibe  taste  readily  distin^ishes  the  two.  Superma- 
Ute  of  lime  is  insoluble  in  alcohol  f . 

~t,  Malau  of  magnesia.  This  salt  is  very  soluble  In 
water,  and  when  exposed  to  the  air  deliquesces  J. 

S.  Malate^f  alumina.  This  s^i  is  almost  iusoluble 
in  wstcr^.  Of  couisc  it  precipitates  when  malic  acid 
iadiopt  into  a  soliclion  containing  alumina,     Mr  Che< 

Btrix  has  proposed  this  acid  to  separate  alumina  from 

Btgnesia  j    which  earths,  as  is  well  known,  have  a 

Srwg  affinity  for  each  ojhcr  j. 


•  Sdwch,  CriX,  Aiaoli,  ii.  j.  Xng.  Trmi. 
t  Ibid.    V^uqueUn,  Auk.  ^  Clim,  lui.  :54. 
\  tttudt,  Ibid.p.  so.  f  M-.  *  dm.  > 


itk  utti. 


• 


TjH%  salts  belonging  to  this  genus  have  been  tc 
perfecdy  examined  to  admit  of  a  detailed  descri 
The  striking  analogy  which  they  have  to  the  ao 
has  been  observed  bj  all  those  who  have  sofa 
them  to  an  experimental  bvestigation* 

Formic  acid  siAurated  with  potash  yields  a  salt  * 
crystallizes  in  prisms,  but  deliquesces  again  wb 
posed  to  the  air«  When  distilled,  it  yields  an  adi 
water,  and  a  quantity  of  ammonia.  .  The  residiM 
retort  is  a  miilttre  of  charcoal  and  carbonate  of  pol 

When  saturated  with  ammonia,  it  yields  a  salt  v 
by  distillation,  gives  a  little  ammoniacal  liqaor,  an 
is  totklly  sublimed  without  decomposition  f* 

With  lime  it  forms  a  aalt,  which  yidds  crysti 
altered  by  exposure  to  the  air  t* 

The  feltowibg  Table  exhibits  the  eoosdtaenta 
Ibrmiates  according  to  the  statement  of  Richter  f« 

Fonmifeetof  AaL  BMe» 

Alnsnim..«.*....*..« 100.«....  54*St 

Magn<itta««»««««.««Mtt««)i*l00.M«««  5ft*2S 

Ammonia«....*.....»....100. Oi*OS 

Lime •••«••••••  loo.««.«»  M*2<l 

Soda ....lOO 89*94 

Strootian 100 134«5i 

Potash 100 102*45 

fiarytts •- 100 224*90 


StTB£XAT£8.  U9 

Genus  XVI;    Suberates.  .^^.^L 

_m  • 

These  salts  have  b^en  de8cril>cd  with  a  good  deal  of 
deuii  by  BoiuUon  Lagrange,  'they  hare  in  general 
a  bitter  taste>  and  arc  decomposed  by  kcatf 

ip.  Xi     SuheraU  ^TotoA^ 

This  salt  ought,  tp  be  formed  bj  roeaoi  of  crj^tdli^ 

led  carbonate  oi  potash.     It  cipystallizes  in  prisms,  ha* 

our  unequal,  sides.     It  has  a  bitter  saltish  taste^ 

aixf  It  TtiAtxi%  vegetable  blues.     It  is.verjr  soiublc  in 

water,     ifcat  melts  it^  and  at  last  volatilttes  the  acid  *. 

'*ip.2:    Suhirate  of  Soda. 

This  salt  does  not  crystallize.  It  reddens  the  tine* 
ture  of  turnsole,  lis  taM6  is  slightly  bitter.  It  is  very 
soluble  in  water  and  in  alcohol.     It  attracts  moistnre 

from  the  air.     Caloric  produces  the  samcc&ct  oni| 

th  ai.t  it  docs  on  suberate  of  potash  f^ 

Sp.  3;     Suberntt  afAmmtmia. 

This  salt  crystallites  in  parallelopipeds.     Its  taste  is 

saltish,  and  it  leaves  an  iAipresslon  of  bitterness;     It 

reddens  vegetable  blues.    It  is  very  soluble  in  water.'   It 

attracts  moistyre  from  the  air.     When  placed  upon 

bumipg  coal$  it  loses  its  water  of  -crystallisation,  aiM^ 

swells  up  i  and  t)efore  the  blow-pipe  it  evaporates  c^^ 

tirely  J. 

Sp.  4r    Subiraii  tf  Magnksink 
This  salt  is  in  the  form  bf  t  -potirder :  irteidHehi  tH<F 


aes 


W.  III.  H 


Hi  uxtz* 

Book  If.     tinctare  bf  turnsole :  it  has  a  bitter  taste  i  it  is  soluble 
nil  .  ,  .  ,  _ 

in  water,  and  attracts  some  ffioisture  when  ezposfcd  to 
the  a!r4  When  heated  it  swells  Up  and  melts :  befi>re 
the  blow^pipe  the  add  is  decompdsedi  and  the  ihagnesia 
remains  in  a  stite  of  pttlritj  ** 

Tflis  salt  does  not  toysumite^  It  is  perfectly  white : 
it  has  a  saltish  tastfc  i  It  does  hot  feddCtt  the  tinemrc  of 
turnsole.  It  is  ^tij  sparingly  sbbble  in  liratcT  cawcpt 
Irhen  hot )  and  as  the  solution  codls  most  «f  the  salt 
tfrecipitate^  agiini  When  placed  tlpoH  botniog  oodls  it 
swells  up^  the  acid  is  decomposed^  and  there  remains 
0olj  the  lime  in  the  state  of  pdwder  \^ 

,  Sp.  0*    SuhrtUi  ofAmytfs^ 

Tms  salt  does  not  crystallite.  Rdit  makes  it  swell 
tip,  ilnd  mritr  hi  It  is  scarcely  soluble  in  water  except 
there  be  an  excess  of  acid.  It  is  decottiposed  by  most 
of  the  neutral  salts  except  the  barytic  salts  and  the  fin'* 
ate  of  lidie  %• 

■ 

^.7.    Sifiiratt  of  Jlhrnina^ 

^  Thts  salt  does  not  crysttdlize.  When  its  ablution  is 
e^porated  by  a  moderate  heat  in  a  wide  vessel;  the  sah 
(Aitaioed  is  of  a  yellow  colotir,  transparent,  haying  a 
styptic  tKste,  and  leaving  an  impression  of  bitterness  on 
the  tonguCi  When  too  ttiuch  heat  is  employed,  it  melts 
and  blackens.-  It  reddens  the  tincture  of  turnsole,  and 
attract^  mQi3ture  from  the  air4     Before  the  blow*pipe 


*  Anm  di  C/>»m.  xxtiii.  ^$,  f  Ibid,  xsiil  53.  %  Ibid.  p.  JS. 


CALLATES. 


Is  up,  the  acid  ii  volatilized  sod  decomposed,  and   Qnp.  rtT.  _ 
rcmaini  but  the  alumina  *. 


Genus  XVIT.    Gallates. 

Whether  gallic  acid  be  capable  of  forming  crystal- 
liublc  tolls  with  tlie  different  bases,  is  still  a  problettk 
wbieh  chcmiits  have  not  resolved. 

1.  When  the  alkalies  are  dropt  into  a soluiioD  of  gaU   (iiUicacid 
lie  acid  in  WAter,  or  into  a  solution  coMtimng  gajlic  gicmtoia- 
acid,  it  assumes  a  green  colour.     This  change  is  consi-  j^ii"'''nd 
dercd  b;  Proust  as  ibe  most  deciaJTC  test  of  the  presence   '""lin* 
of  gallic  acid.     The  same  change  of  colour  takes  place 

Khen  gallic  acid  is  poured  into  bu-ytes  water,  stroncian 
water,  or  lime  water,  and  at  the  same  tJoic  a  powder 
of  a  greeoiib  brown  colour  precipitales.  The  green  li- 
qoid  which  remains  contains  only  gsllic  acid  combined 
with  die  earth  employed  in  the  experiment.  But  if  we 
attempt  to  evaporate  it  to  dryness,  the  green  colour  dis- 
Rppesrs,  and  the  acid  is  almost  completely  decompoaed. 

2.  When  magnesia  is  boiled  with  the  infusion  of  nut>  GiUiti 
|»ll8,  the  liquid  becomes  almost  limpid,  and  assumes  the  °^"* 
»me  green  colour  as  the  former  misturea.  From  the 
cxperimcQt)  of  Davy,  it  appears,  that  m  this  case  all  the 
exirvctof  tan  is  separated  from  the  infusion,  together 
sritb  %  portion  of  the  gallic  acid  ;  and  that  the  liquid 
boMs  in  solution  nothing  but  a  combination  of  that  acid 
and  magDCiia.  But  in  this  case  also  the  acid  is  decom- 
posed, and  tbe  green  colour  disappears,  when  we  at. 
ttmpt  to  obtain  the  composition  in  a  dry  stale. 


^y^\t  ^*  When  ft  tmall  portion  of  alamina  is  mixed  wUb 
I-  ■  /—  ■  ■  the  infusion  of  nutgalls,  it  separates  the  ^hole  of  tbo 
2J^Jj^  tan  and  extract,  and  leaves  the  liquid  limpid  and  of  a 
niB*«  Terj  pale  yellowish  green  colour.     This  liquid,  by- 

spontaneous  evaporation,  yields  small  transparent  pris- 
miuic  crystals^  which,  acoordiog  to  Mr  Davj^-  are  fu- 
pergallate  of  alumina.  They  afford  thQ  only  kutaoce  of 
a  gallate  capable  of  existing  in  the  atato  of  crystals 
The  quantity  of  alumina  is  very  smidl ;  too  saiaU  to 
disguise  the.  properties  of  the  acid. 


GeHUS  XVIII.      PR0SSrATES.     ' 

I  -   I  ■ 

The  prussic  acid  presents  so  many  anomaliest-  and 
ha  nature  is  so  easily  altered,  that  it  has  been  hitherto 
Mnpossible  to  ascertain  with  precision  the  propertiea  of 
die  oomponods  wbidi  it  forms  with  the  4iflerient  bates. 
Indeed;  the  sahs  formed  by  the  prussic  acid  baveac»ec- 
ly  any  permanency  unless  they  be  united  wiib  n  little 
of  aoine  metallic  oside,  and  thetefere  in  Ibe  atate  of 
triple  salts  ^«     Mere  exposure  to  the  air,  or  taa  heat 


*  Coniidim  who  hat  hiely  pahy^ed  a  paper  oa^he  prntfe  acii«  aP 
fima  Oun  k  aku  io  cbree  atatei.  What  firK  prepared  hf  fike  yiicJM 
tioB  of  Mood,  it  it  roerely  a  tmr^urti  ^axou.  The  imcam  that  this  €ar> 
horet  comet  io  contact  with  water,  it  combines  with  its  hydrngen,  and 
forms  a  gaseoiK  pniMic  acfd,  or  frutsJre  a«  he  termi  it.  This  prwarfre 
c«aihioes  with  alkalies  and  earth* ;  hut  it  han  cone  of  the  pnopcrtiet  of 
an\cid.  When  it  coine»  in  contact  with  a  peroxide,  it  it  wodiftcd  Iqf 
the  oxygen  of  that  body,  a»aumcs  acid  propenie^,  and  foroia  triple  prus* 
states.  See  Ann.  df  Chin.  \1tL  148  — The^c  asscrttom  are  so  contrary  eo 
*.he  expcrir:rnu  of  Schcele  and  Derthollet,  and  to  the  recci^Fed  opiaioni^ 
tbat  it  would  be  i:cces«ary.  b/tforc  admitting  them,  to  pro\re  their  troth 
^7  Tfry  nnexccpti'in^blc  etiderr^ 


of  120*,  h  sufficient  to  decompose  them.  *  This  wj^pt  •  CN^r^ 
of  permanency,  rendering  the  pare  prussiates  of  little 
importance,  has  prevented  chemists  froopi  paying  much 
attention  to  their  properties.  The  only  person,  indeed, 
who  has  examined  them  at  all  is  Scheele.  Biit  the  tri- 
ple prussiates,  not  beingliable  to  spontaneoAJ decooipo- 
sitton,  have  been  employed  with  success  as  chemical  re- 
agents, and  have  excited  a  good  deal  of  interest  in  con* 
sequence  of  the  important  purposes  Co  which  they  ihay 
be  applied. 

Sp*  1.     Pntssiate  of  BaryUs* 

•  _ 

This  salt  is  but  sparingly  soluble  in  water.  .  The 
barytes  is  precipitated  by  sulphuric  acid,  and  even  by 
carbonic  acid  *• 

Spm  2.  aai  S«     Prussiatn  nfthe  Fixed- AlhaUes. 

These  italts,  formed  by  dissolving  the  fixed  alkalies 
in  pmssic  acid,  are  very  soluble  in  water,  tinge  vege- 
table blues  green, 'and  are  partly  decomposed  by  a  very 
moderate  heat  f.     They  dissolve  likewise  in  alcohol. 

Sp*  4-     Prussiate  of  Limi. 

Tnrs  salt  maybe  formed  by  dissolving  lime  in  pras- 
sic  acid,  filtering  the  solution,  and  separating  the  an- 
combined  lime,  which  at  still  retains,  by  adding  as  much 
liquid  carbonic  acid  as  is  just  sufiicient  to  precipitate  all 
the  lime  from  the  same  bulk  of  lime-water*  It  is  then 
to  be  filtered  again,  and  preserved  in  close  vessels.  It 
is  decomposed  by  all  the  other  acids  and  by  the  alka* 


•  Scheele,  il  167.  f  Ibid.  p.  166. 


^1^  tALTt. 

Book  n.     lies.     When  distilled,  the  pmssic  acid  is  srpftrated.  m 
Di»i«eiim,  .     . 

^     ,   Ml   the  pure  lime  r«inains  ". 

Sfi.  5.     Prussiate  of  Ammonia. 
This  aah  has  the  odour  of  pure  ammoDia  ;  whe 
heated  it  evaporates  completely  f . 

Sp.  6.     Prutiiait  of  Magnesia. 

This  salt  may  be  formed  by  putting  pure  magnerii 
into  prusstc  acid.  In  a  few  days  the  earth  is  disiolveJ 
and  the  compound  formed.  The  magnesia  is  precifu 
tated  by  the  atkalies  and  lime,  and  by  exposure  to  tb 
«rt. 

^.  7.     Pntttiattt  %f  Irm. 

As  the  prussiatei  of  iron  enter  ai  ingredients  into  tb 
triple  salts  formed  by  the  prussic  acid,  it  #ill  he  nccei 
»ry  to  give  some  account  of  them  before  entering  iipgj 
the  consideration  of  these  triple  salts. 

It  has  been  demonstrated  by  chemists,  that  there  in 
DO  fewer  than  four  prussiaies  of  iron  :   namely. 

1.  White  pmssiate*  3.  Ydlow  pnisnate* 

8>  Bhie  pmssiate,  4.  Greca  pnwtUw: 

The  white  praaaiate  discoveted  by  Mr  Proast'ia colli 
^MkA  of  prasiic  acid  aod  fmmxiii  of  iron.  It  becQoie 
graduUy  blue  when  exposed  to  the  atmosphere,  becww 
tlie  oxide  absorbs  oxygen,  end  is  converted  into  ;per. 
oxide  f . 


•  Schnk.ii.  ifiS. 
i.  Hicholion't  Jmr.  i, 
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PRUaSlATES. 

Blue  pniisiale,  or  pnissian  blue,  is  composed  of  priis-  ' 
sic  acid  uid  the  two  oxides  of  iron.  Ii  is  a  deep  blue 
powder,  insoluble  in  water,  and  scarcely  soluble  in 
jcids.  It  is  coinpOBed,  according  to  tbe  most  nccurats 
eX[)criinents  hiiherto  made,  of  equal  parts  of  oxides  of 
Jroo  and  prussic  acid,  It  is  not  atTcoted  by  exposure  to 
tli«  air.  Heat  decomposes  it  by  destroying  the  acid, 
»nd  the  oxide  of  iron  remains  behind.  The  prussian ' 
lilae  of  commerce,  besides  other  impurities,  contains 
mixed  with  it  a  great  quantity  of  alumina. 

Yellow  prussiate  is  composed  of  prussic  add  com- 
bined with  an  excess  of  peroxide  of  iron.  It  is  there- 
fere  a  sub-prussiatc  of  iron.  This  prussiate  is  soluble 
in  acids.  It  may  be  obtained  hy  digesting  the  alkalies 
or  alkaline  earths  with  prussian  blue.  Part  of  the  acid 
ii  carried  ofT  by  these  bodies,  and  the  yellow  pcusiiata 
remains  in  the  state  of  a  powder. 

Green  prussiate,  first  discovered  by  BerthoUet,  is 
composed  of  oxyprussic  acid  and  peroxide  of  iron.  It 
is  therefore  in  fact  au  oxyprussiate, 

Sp.  1.     Pnuiiate  tf  BaryUi-and-h't«.  ' 

For  the  first  accurate  dcscriplioii  of  this  salt  we  art 
ifidebled  to  the  ingcmous  Qr  William  Henry,  It  may. 
\it  formed  by  adding  prutsian  blue  to  hot  barytes  water 
tiU  it  ceases  lu  be  discoloured.  The  solution,  when  Ii). 
tend  and  gently  evaporated), yields  crysUls  of  prus^i^lc' 
ofbarytes-and'iron. 

These  crystals  have  the  figure  of  rhomboidal  prisms^ 
they  have  a  yellow  colour,  and  are  soluble  in  1 020  pans 
«fcold  water,  and  in  about  100  parts  of  boiling  waic.-. 
1b  a  red  heat  (hey  are  decomposed,  the  acid  being  4^~ 
Hfioycd.    They  are  soluble  in  nitric  and  muriatip  aci^ ; 


im 


B  pmrpitate  of  lulptitK  of  bm. 


Sf.    8.       PruuiaU  of  Slroatian-aad-Iton. 

This  salt  was  also  first  csatnini^d  by  Br  Henry.  It 
inij  be  fbrmed  hy  ihc  Mmc  procesE  as  ihc  last  apecie^j 
^)lt  the  solution  doei  not  crystallize  nearly  so  readily, 
^hen  ev-apotatcd  lo  ciryn«is  it  docs  not  deliqucicr,  xnd 
it  again  soluble  '\a  Jess  than  four  ^-^m  uf  oold  tv^er  t . 

"This  salt  was  pcrliaps  first  nicniioncd  by  Mr  H.i- 
gcn  J ;  but  we  are  indebted  lo  Morve»u  for  (be  fiist  ac- 
curate account  of  its  properties  and  preparation 5. 

Upon  two  parts  of  Prussian  blue  of  commerce,  pie. 
viously  well  washed  with  a  sufficient  quantity  of  boil- 
ing water,  to  separ:ite  al]  tbe  foreign  salt:i,  about  5G  parts 
of  lime-water  are  to  be  poured,  and  the  mixture  musl 
be  boiled  for  a  short  time  till  the  lime  is  saturated  with 
Ihc  prussic  acifj,  ivhich  is  known  hy  ils  no  longer  il-  ^ 
tering  paper  stained  with  turmeric :  it  is  then  to  be  (4!- 
^red. 

This  liquid, which  contains  (he  triple  prussiate  oFIi^e 
in  solution,  has  a  greenish-yellow  colour  ;  its  specific 
gravity  is  J'COS;  and  it  has  an  unpleasant  bitterish 
tuie.  When  evaporated  to  dryness,  il  yields  small 
crystalline  grains,  soluble  wjihom  alteration  in  water. 
It  IS  insttluble  in  alicohol. 


♦  Ni<hDlK>n-i  A.r«Aiii.  170.  t  Ibid.  p.  171.  ■■'■>■. 

f  CfcUri  Ammtl,,  1 7S4, 1. 19< .  t  Ehji.  MMUi.  Cttm.  t.'«4f. 


PRUSSIA  TES. 

Diis  wiple  pniMraie  may  be  used  with  advintiu»casa     Chap,  t 
l($t  lo  ajccrtain  the  prc&coce  ofmewls  held  in  solution. 
■pMr  only  iropuriiy  which  it  contains  ii  a  little  sulphate 
oflime. 


Sp.   IB,      Pruisiatc  of  Fotaih-aad-Iron. 


H 


This  sail,  known  also  br  the  nam^s  of  pruisina  at- 
iidi,phhgistuaUii  aiiali,  prusiiiitt  test,  triple  prvssiatr    , 
nfyaaib,  &c.  ha*  been  chosen  by  chemists  as  the  best*    I 
loiabinaiion  of  pnissic  acid   for  detecting  the  presenel^  1 
a[iiKUls,and  more  especially-  for  delecting  the  extst'>^4 
nceofiron.     To  chemists    and   miReralogists  it  is  si^ll 
iasirument  of  some  importance  ;  as  when  properly  pre-  'ff^ 
jMted,  ii  is  cspuble  of  indicating  whether  most  metallic 
iub««nc«  be  present  in  any  sol  urion  whatever,  and  even 
of  pointing  out  the  particular  metal,  and  of  ascertaining 
iuquantity.     This  ii  does  by  pr^cipilating  the  metals 
from  iheir  solution  in  consequence  of  the  insoluble  com- 
ponnd  which  it  forms  with  ihem.     And  the  colour  of^ 
ibrprccipitaic  indicates  the  pariicular  metal,  while  it^  J 
quantity  enables  us  to  judge  of  ihc    prportion    of  melV  J 
tfllicoiddcconiajnedin  any  solution.  "  I 

Inwderto  be  certain  of  ihe  accuracy  of  the^e  re-  J 
HlltB,  it  is  necessary  lo  have  a  prussian  alkali  perfectly* 


[juie,  and  l< 


be  < 


1  beforehand  o 


the 


quantity 


.rl-. 


Mlhetof  ihc  proportions,  of  its  ini;redienis.  To  ob-' 
uiD  a  test  of  this  kind  has  been  theobjeet  of  chemists 
ever  since  the  discoveries  of  Macquer  pointed  out  its 
ini|jonancc.  It  is  to  Ihc  use  of  impure  tests  ih^t  % 
gnil  part  of  the  contradictory  resulij  of  n>iiieraliigiGal 
uiljKS  by  diiFcrent  chemists  is  to  be  ascribed. 


B*Bk  II.         The  great  object  of  cliemisti  at  first  wu  u  obtaiq 

■^_,  __  '•   this  prussiaCe  entirely  free  from  iron;  but  their  aitcmpti 

U0iforn\«l7  failed,  bccauie  the  pfide  ofiroo  iaoncof  itg 

(leccssary  component  parU.     This  was  %tt\  properlj 

pointed  put  hy  Motveau. 

pftcn  iq|-  T^cre  t,x%  two*  ways  in  which  Ibis  test  may  be  ren- 

?*""  dered  impure,  besidei  the  inlioduction  of  fpieigo  ingre. 

dienii,  which  it  is  needleu  to  mention,  because  it  is  ob. 

vioui  that  it  must  be  guarded  against,     i,  There  ma^ 

be  a  superabundance  of  alkali  present,  or,  which  is  the 

same  thing,  there  may  be  mixed  with  the  prussian  Icil 

aquRlitiiy  of  pure  alkali  \  or,  %.  There  may  be  contain. 

fd  in  it  a  quantity  of  yellow  pruisiate  of  tton,  for  whicti 

pnis&iate  of  pota&h  has  also  a  cooiiderable  afitoiiy. 

If  the  Prussian  test  contain  a  superabund^ice  of  al- 
kali, two  iucoiventences  follow.  This  superabuodon' 
ijuaiitity  will  piccipitate  those  earthy  salts  which  an 
liable  to  contain  SD  excess  of  acid,  and  which  areonlj 
soluble  by  that  excess :  Heucc  alumina  and  barytci  wil 
be  piecipitated.  It  is  to  (be  use  of  impure  tests  of  thi: 
kind  that  we  owe  the  opinion,  tliat  bsrytetand  ahimini 
arc  precipiialed  by  the  prussian  alkali,  and  the  const 
(jucDt  theories  of  the  netaliic  nature  of  these  earths 
Xhts  mistake  was  first  vorrected  byMeyci  of  Stettin  f 
Anplher  inconvenience  arising  from  the  superabun 
dance  of  alkali  in  ihe  [Prussian  test  is,  that  it  gradual]; 
decomposes  the  blue  prus&iate  which  the  test  contains 
^nd  convert!  it  into  a  yt:11ow  prus&iate.  In  wbal  manne 
it  docs  Ihis  wUl  he  u&deratood,  a/tcr  what  has  been  said 
withoat  aoy  c^ltnationi '  < 


•  S«e  Kirww'*  Mi,,  i.  <8t 
\  CrelTi  A^i;  1786-  Ht. 


PRUS«IAT£S. 

On  th«  other  hand,  when  the  prosdan  alkali  contains    , 
I  quantity  of)-enow  pnissiale  of  iron,  as^at  inconre- 
nitnces  follow.     This  yellow  prusdate  has  anaflinity  for 
pfusiic  acid,  which,  though  inferior  lo  that  of  the  pot- 
uh,  is  still  considerable  ;  and,  on  the  other  hand,  th4 
potash  has  a  stronger  aSinilj-  for  every  other  acid  than    ' 
ibr  the  prussic.     When,  therefore,  the  tcM  ii  exposed 
10  the  air,  the  carbonic  acid,  which  the  almotphere  aV 
tnj-t  contains,  a&sistcd  by  the  sfliaity  between  the  yel- 
low pnitsiate  and  the  pnissic  acid,  decomposes  the  pnii' 
niteof  potash  in  [he  test, and  ihe  yellow  prussiale  is  preu 
^tipiiated  in  the  form  of  priissian  blue  ;  and  every  oihetf 
^■■Id  prodacei  the  same  elTect.     A  test  of  (his  kind  would 
^^■jicaie  the  presence  of  iron  in  every  mixture  which 
^nbnlains  an  acid  (for  a  precipitation  of  prussian  bhicf 
^Ktald  appear),  and  could  not    therefore  be  employed 
^Tftb  any  confidence.  ■  ^ 

To  describe  the  various  methods  proposed  by  cbe- 
mirtt  for  preparing  this  salt  would  be  unnecessary,  a* 
ibt  greater  number  do  not  answer  the  purpose  iniend- 

E'.     The  method  practised  by  Klaproth,  first  made 
iwn  to  chemists  by  Wesmimbt,  and  afterwards  dc. 
bed  in  our  language  by  Kirwan  t,  is  considered  ar 
tne  of  the  best.     It  is  as  follows  : 
Prepare  pure  potash,  by  gradually  projecting  into  a  i 
r  iBgc  crucible  heated  to  wbircness  a  mixinre  of  equal 


A  UNOTtnl  accwnic  of  the  dil 

n  M>d  ddecu,  mi]'  be  Kcn  ia 
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na  prcpiriiioRi,  with  ibcir  |<i«> 
rtruml.'.  T»ili>:,  (Crell'i  ^«^ 
>  DihCrraiiuOs  on  the  FrouicA^ 
liiviu'i  TicattK  on  the  Meihix' 
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8  ALTS. 

psrti  of  pnTifird  nitre  nnd  crystals  oftutar;  when  th* 
j   whole  is  injfi-ted,  Itt  it  be  kept  at  a  white  heal  for  hsM 
tn  hour,  to  burn  off  ihe  coal. 

DciNch  ihe  alkali  iliua  obrained  from  the  erti able, 
reduce  it  to  giowdcr,  bpitad  it  on  a  muffle,  and  cxpen 
it  to  a  white  heat  for  Iinlf  an  hour. 

DiiftoJTe  ii  in  six  times  its  weight  of  water,  and  fil. 
ter  ilie  solution  while  warm. 

Pour  this  soluiiun  into  a  glass  receiver,  placed  to  a 
land  furnace  heated  to  170°  or  IBO*,  and  then  grndu> 
ally  add  the  best  prussian  blue  in  powder,  injecting  new 
portions  according  as  ihe  lormcr  bccoencs  grejr,  and  sup- 
plying water  as  fam  as  it  evaporates ;  continue  until  the 
added  portions  arc  no  longer  discoloured,  then  increase 
tlte  Iieat  to  2 1 2°,  and  coniinue  it  fur  half  an  hour. 

Filler  the  ley  thus  obtained,  and  saturate  it  with  sul- 
phuric acid  moderately  diluted  j  «  precipitate  will  ap- 
pear: when  this  ceases,  6lier  off  the  whole,  and  w«afa 
the  precipitate. 

Evaporate  the  filtered  liquor  to  about  one  quarter, 
and  set  it  by  to  crystalliic:  after  a  few  days,  ycllowiab 
cr^itali  of  a  fiwMc  or  quadnng«la«  font)  will  be  fomii 
■ixfcd  with  tawt  jOlphaW  of  poMih  and  oiiile  of  ioM  ( 
|Mck  Mt  the  yellowish  cttsikI^  Uj'  them  on  Uottiaf 
papcTr  m4  ir«4isaol*e  tlwm  in  fo«r  tioMa  their  weight 
of  coU  wuer,  lo  exclude  the  sulphmc  of  pocMb* 

Esiaj  •  few  drops  of  this  solution  in  baiytes  wi. 
4er,  10  see  whether  it  eontaiu  any  sulphuric  add,  and 
aM  some  faarytes  water  to  the  remairKkr  if  ntiiiifj' 
filter  off  the  solution  from  the  sulphate  of  iMrytrswhiefi 
vill  have  precipitated,  and  set  it  by  to  crysi^lize  ttft  t 
few  davs  ;  that  the  baryles,  if  any  should  icmaiOf  toMj 
be  precipitated.  If  the  crystals  now  obtained  bt  of  a 
pale  yellow  colour,  and  discover  no  bluish attcaka  when 


*PHUSSIAT£S. 

tprinkled  over  with  munatic  acid,  they  nre  fii  tor  use  ;     Ctn^  IT 

bni  if  they  itill  discover  bluish  or   giecn  streakj,  I'le 

solutions  and  crystal  li7.aiions  must  be  repeated. 

Tbese  crystals  must  be  kept  in  a  well-itopped  bottle, 

which  to  preserve  them  from  the  air  should  be  Gllcd 
with  alcohol,  »  they  ate  insoluble  in  it.  ^' 

Before  they  arc  used,  ihe  quantity  of  iron  they  COO- 
ttin  should  be  aiceitained,  by  heaiinp  idO  grains  to 
[(dness  fov  half  an  hour  in  an  opr/i  crucible  :  ihe  pros- 
ucacid  will  be  consuiaed,  and  the  iron  will  reniBin  in 
the  Mate  of  a  leddish  brown  magnetic  oxide,  which 
^ould  be  weighed  311  d  noicd.  4*1)15  oxide  is  half  (he 
weight  of  the  prussiin  blue  siTiirded  by  the  pmssian 
ilkili:  its  weight  aiu^t  iherefote  be  subtracted  from 
tlitl  of  metallic  precipitates  fonned  by  this  lest.  Hence 
Ihe  weight  of  the  crystals,  in  a  given  quantity  of  ihe 
soluiidn,  should  be  ooied,  that  the  quantity  employed 
IQ  precipitation  may  be  known.  Care  must  be  (itken 
10  continue  the  calcination  till  the  oside  of  iron  becomes 
brown  i  for  while  it  is  black,  it  weighs  considerably 
more  than  it  shoulcl. 

Auothcr  good  method  of  preparing  this  salt  has  been  Another 
Ulely  given  by  Dr  Henry  ;  but  it  is  rsther  too  expcn-  ""^ 
iive  for  general  use.  It  consists  In  first  forming  a  triple 
ptosMRte  of  baryies,  and  adding  it  in  crystals  to  a  solu. 
lion  of  carbonate  of  potash  till  the  dilution  no  longer 
KUores  Ihe  colour  of  reddened  liimus  paper.  After  di- 
geiUng  tlie  mixture  for  half  an  hour,  filter  the  liquid, 
and  evaporate  it  gently.  The  triple  prussiate  of  pot- 
ft^crysiaUius*.  '^ 
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Q  triple  prussiate  of  potssh,  whcQ  pure,  forms  fiii« 
larcnt  crjrsiaU  of  a  yellow  colour  ;  ihejr  have  the 
of  cubes  or  pafal]elopiE>edB,  and  contain,  when  pre- 
red  according  to  Klaprolli'i  method,  0'24  parts  of 
oxide  of  iron.  Frou&t  has  abowii  that  they  con* 
tVlh  of  their  weight  of  water.  ProuM  found  tbu 
urti  of  this  pruiiiate  connin  n  much  potMah  as 
jarCs  of  sulphate  of  potash,  which  amounti  to  about 
"  coQiider  this  salt  as  compo- 

«  acid 
#  24  black  oxide  of  iron 
60  potaih 

10  water 


The  propoiiian  of  acid  seems  excessively  unall.  W« 
•Hoold  conceive  the  proportion  of  potash  over-nUcdiiMp 
Proust.  l■^-  •■I 

Sp.  II.  Pruitiate  of  Sodaand'Iron. 

Tuftultliwi^MnJualjexaMiimHijrDr  J^Ufikbo 
{p(lDj«d  ita'tHM  proMnfDrteiiiiBg.Jt«i  tkl^lOI 
IBfibt^  >bon  4>f  fi)rming  tbe  tri|de  pntoiu«.of  pdMli. 
|^;cel9ur  u/jdjfwr.,  ftttysallimmfaw  ililiif  piiii 
tffiniintcd  at  botb  cytrcmitics  \y.  dibcdrd  aaibnniu 
T^ay  ai0  traatfoiifnt,  and  bsve  a  batter  laatc  f  nhm 
laft  in  a  warm  place  (hey  fidl  down  in  the  etabe  of « 
Vrhtte  powder,  ^d  Iom  si^ prr  cnt.  of  their  wetglM. 
At  the  temperature  of  55°  they  requite  .4^  timca  dHiV' 
weight  of  water  to  dissolve  them  ;  but  they  are  much 
more  soluble  in  boiling  water,  a  portion  o^  the  salt  cm* 


tailixiiif  as  the  solution  coolii  Tlie  specific  grsvitf  of  tiie  .cfaj^jB; 
tejrstals  is  1*458*    They  are  insolBble  in  alcohol  ^* 


This  triple  salt  has  also  been  eoiployttl  as  a  te^t;  bnl 
tt  ii  not  so  inj  tb  obtain  it  in  a  state  of  pnrit j  as  the 
otber  twoi  It  Was  ^Ksco^itd  bj  Mac4ulir>  and  IhI 
Teconiniended  by  M^ej^er* 

ttfenlis  fiat  hezangnlar  arjstaU,  folnble  in  wa{itt> 
tad  deli^esc^  in  the  aif .  &eat  debonipbses  it  liki^  Itie 
stbtrprossiatesf. 

This  triple  salt  was  first  examined  by  Hagen  in  liil2| 
Imt  since  diAt  time  scarcely  any  attention  has  been  palcl 
Id  it. 


SECt.  It* 


OF  METALLINE  SALt3. 


ThK  aclioa  of  the  acids  on  metallic  bodies,  and  the  ssU 
line  compounds  formed  by  their  combination  with  them^ 
wtre  some  of  the  first  objects  to  which  the  earlier  che4 


«  Odblea*!  /mt.  sd  Scries,  iil  171. 

t  Woulfe.  Jmr,  i§  Pijs,  zudy.  zoi.— If  w«  believe  Van  MoilS  t|id 
U  not  a  triple  talr,  bofc  t  pnutiate  of  ammonia.  Accordiog  to  hiDi,  amnion 
lia  U  iDapable  of  formiog  triple  lalti  with  pnxiac  acid  and  oiidei.    Sei^ 
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Number  of 
fltictallic 


tmitB  directed  thdr  attcdtiQa.     The  fincility  with  wbicll 
several  of  these  coro(>oonds  chtnge' their  iimte ;  the  me» 
tivitj  and  corrosive  nature  of  many  of  thMd,  owing  in 
a  great  measute  to  that -facility ;   the  pfeAnitteacy  of 
others;  and  the  apparent  conversion  of  one  metallic 
salt  into  another — were  so  many  anomalies  which  re- 
mained long  inexplicable :  But  they  nf  ere  of  too  inter«> 
esting  a  nature  not  to  excite  attentioo  ;  and  .to  the  sue* 
cessive  researches  of  chemists  into  the  -propertiea  of 
metallic  salts  must  be  .ascribed  a  great  part  of  the  pro« 
gress  which  chemistry  has  made.    Many  apparent  ano- 
malies have  been  happily  explained  by  the  sncoesaive  la- 
bours of  Bergman,  Scheele,  Bayen>  Lavoisier^  Proust^ 
8u. ;  but  there  still  remain  a  sufficient  number  of  diffi- 
culties in  this  part  of  the  science,  to  exercise  the  saga^ 
city  of  the  most  acute  philosophers,  and  discoveries  to 
be  made  in  it,  which  will  fiilly  compensate  the  most  la- 
borious investigation. 

As  there  are  28  metallic  bases  from  which  these  bo. 
dies  derive  their  characteristic  properties,  this  class  o: 
salts  may  be  divided  into  28  genera.     Since  there  arer 

33  acids  with  which  each  base  has  to  combine,  it  would 

seem  at  first  sight  that  the  number  of  species  belongs 
ing  to  each  genus  ought  to  amount  to  33,  which  woukK 
make  the  metallic  salts  in  all  924.      But  it  is  not  the^ 
metals  which  combine  with  acids,  it  is  their  oxides,  or' 
the  compounds  which  they  form  with  oxygen :    th6 
metals  themselves,  as  far  as  is  known  at  present,  are 
not  capable  of  combining  with  any  acid.    Now  as  most 
metals  form  more  than  one  oxide,  and  as  each  of  the 
oxides  of  a  metal  is  often  capable  of  combining  with 
acids,   it  is  evii^.en:  that  the  number  of  metallic  salts' 
must  greatly  exrced  this  number.     Thus  iron  being ca* 


of  (oitning  two  oxides,  the  ^pccScs  otsalls  of  iron, 
lesd  o£  33|  must  amount  (o  AC,  provided  each  of  the^e 
□zidn  be  enable  of  combining  with  all  acids  i  the  con- 
tmy  of  which  has  not  been  proved. 

tt  has  been  shown  formerly,  that  the  difTerence  be- 
.  tvrtm  the  oxides  of  (he  same  metal  consists  in  the  pro- 
ponion  of  oxygen  which  lliey  contain.     Now,  in  gene- 
t«l,  8ll  oxides  which  do  not  coniain  a  msxiroum  of  oxy- 
gtohave  a  lendency  to  absorb  that  priniiplcj  whene%-er 
it  it  presented  lo  them,  tiil  ihey  arc  complettly  satura- 
ted.     This  tendency  disp!flj-s  iisclfwiih  most  energy 
%hen  the  oJcides  ate  combined  with  acids  and  in  a  state 
cf  HilDlion;  consequently  all  those  metallic  salts,  whose 
b»»esdo  not  coniain  a  maximum  of  osygen,  arc  liable    ^ 
to  absorb  that   principle,  and  by    that  means  to  change 
into  a  difierent  salt.      Thus  grteh  vitriol  is  a  salt  com- 
posed of  sulphuric  acid  and  black  oxide  of  iron.     When 
dissolved  in  water  and  exposed  to  the  air,  it  very  soon 
«biorbs  osygen,  the  black  oxide  is  changed  into  the  red  ; 
*nd  thus  anew  salt  is  formed  composed  of  sulphuric 
■cid  and  red  oxide  of  iron.       This  is  a.  chahgc  exactly 
'He  reverse  of  what  happens  to  those  earthy  and  alka- 
line  salts  which  coniain  an   acid  with   a  minimum  of 
Oxygen  !    as  the  sulphites   and  photphitii.      They  also 
absorb  oxygen    indeed,  and   are    convened  into  othei 
S&lis  i  but  the  oxygen  combines  -with  the  acid,  *hereas 
in  the  metallic  salt  it  combines  with  the  base.     These 
different  r»nhy  and  alkaline  sails  have  been  very  bap- 
ply  distinguished  by  different  terminations.     Thus  the 
SDtphifr  of  potash  contains  the  acid  of  sulphur  with  a 
minimum  of  oxygen  ;  the  sulplia'e  of  potath  Contains 
the  acid  of  sulphur  with  a  maximum  of  oxygen.     Na 
tnempi  has  hiiherto  been  made  to  disiincruisH  the  diSc' 
I'ol.  III.  I 


w 


1^^.  rent  metatlic  taluof  the  stme  htm  wUhiimkfM  ^iM 
<  ^  ■■>  of  oxygen  by  any  tioiikr  plan  ;  yd  lodi  tj^ittiiictui 
it  abtolutely  necessaryy  if  w^  wiab  to^pc^  inlrBigjM) 
abont  these  salts.  It  is  trae  ^  distiMtioa  i^.  09I  n 
easily  made  in  this  case  as  in  die  other,  on  aoconiir  « 
the  indefinite  nnmbcr  of  oxidq^  beloogn^  to  afNVtt  f: 
the  metab  ^  hot  this  very  namber  a>akeasoM>  dbtjac' 
tion  stiU  nsota  neeestanr.  * 

Itis  only  of  late  tfafit  chemists  began  to  attend  to  tb 
different  sdta  which  the  aame  metallic  base  eombinei 
vrith  different  portions  of  oxygen  b  capable  ^  fonaii|| 
with  the  same  acid.  ..  Bergilian»  indeed*  and  Schcelc 
bad  given  some  strikpg  instances:  batPironat  h«a  mo 
carried  the  subject  mneh  fiurther.  It  is  to  the  newaes 
of  this  branch  of  the  science  that  w8  most  ascriho  tb 
want  of  a  nomenchtwf  tor  the  0||taUic  salts.  Tb 
French  cbemtsu  seem  to  have  been  nesrly  straogera  ti 
it  when  they  formed  their  diemical  aoasendatoce  a 
1787  s  and  even  at  present  the  subject  ia  tpo  imperfisct 
ly  known  to  admit  of  a  regnlar  treatise :  but  I  aball  i; 
this  Section  give  a  full  view  of  all  thoActa  which  hav 
been  discovered. 

I  do  not  recollect  at  piesent  any  instance  of  mor 
than  two  metallic  salts  withonje  acid  and  basc^  difierin; 
merely  in  the  proportion  of  os^gen,.  if  we  except  tb 
^omendft*    pnissiatcs.     It  wi|\^be  sofficient,  then,  for  the  pream> 
tnre.  to  generalize  a  mode  of  naming  metallic  salta  which  hs 

been  adopted  in  one  class,  1  mean  the  metallic  muriata 
In  these  salts  the  compoand,  consisting  of  muriatic  adi 
and  a  metal  with  a  minimum  of  oxygen  is  called  a  mm 
riate  ,*  the  compound  of  the  acid,  and  the  same  metal 
with  a  maximum  of  oxygen,  is  called  an  oxjmttriaii 
This  mode  of  aiming  will  app\y  very  well  to  all  thoai 
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f/ttn  in  wliich  the  loctal  is  only  capable  of  forming  Chip,  in. 
(■oMidea,  and  likewise  to  alt  those  whose  onides  arc 
aolfOpahle  of  forming  two  salts  with  the  lame  acitj. 
1)103  we  tnaj  call  lh<r  compound  of  sulphuric  acid  aiiil 
Muk  oxide  of  iron  fulpbotf  of  iron  f  and  the  compound 
of  ibe  sxme  acid  and  red  okide  of  iron,  ox^iuiphaU  or 
Ujgtuintd  auiplatt  of  inn.  In  the  prcjent  state  of  th« 
icicnce,  I  oliall  satisfy  myself  with  arranging  tliese  dif> 
fueni  bodies  as  vsrieiics  of  ihe  satae  species. 

We  baVe,  then,  28  genera  of  meialliu  salts,  33  spck 
tics  belonging  to  each,  and  many  of  these  species  con- 
tiiniag  several  varieties.  We  have  likewise  a  rery  con- 
lidtrable  oamber  of  triple  salts,  consisting  of  combina* 
lions  of  earthy  or  alkaline  bases  with  the  tneiallic  salts. 
AUlliesemustsWell  the  numberof  metallic  sal  Is  to  a  very 
considerable  amouni.  But  we  are  ♦ery  far  from  being 
fully  acquainted  with  nil  these  bodies  i  many  of  them 
ire  still  unknown,  and  many  have  been  merely  poiaicd 
oui  without  beitig  described.  It  is  even  exceedingly 
probable  that  not  a  few  of  those  combinalions,  which 
ny  be  stated  iheorellcally,  cannot  be  formed  at  all : 
ftt  as  Ibe  oxides  containing  a  mitiiinum  of  oxygen  have 
Igreng  affinity  for  that  principle,  ii  is  dear  that,  in- 
■nd  of  combining  with  those  acids  which  part  with 
ttntodl^gen  easily,  they  «iU  decompose  them  aliogt* 
iber.  This  point  can  only  be  decided  by  cxperimeni, 
n  we  have  DO  other  method  of  deciding  the  affinitid 
tahich  diBcrent  bodies  exert  upon  one  another.  £vell 
in  Ihe  present  imperfect  slate  of  our  knowledge,  th* 
number  of  species  bi;longing  to  many  of  the  genera  ti 
very  considerable.  To  prevent  the  confusion  which 
ilii*  IS  apt  (0  produce,  I  shall  subdivide  the  salts  of  every 
inusas  &ras  p«s$ible  iato  £re  heads.    The  first  hea^ 


J?^P:,  will  consist  of  the  salts  whose  «cid»«Te  topporten* 
combottioD,  excluding  the  metiillie-Mdt.  Most 
these  selts  hsYc  the  propert j  of  detOMtihg  with  |>ht 
jphoras  when  struck  simirtl J  upon  ali  gbiriK  TImjvii 
therefore  be  distinguished  bj  the  epithet  Atmmtmg^  • 
is  proper  to'  ^escribe  themilrsl^  because  they*w«fi< 
employed  in  the  formation  of -the  otheri*  l^reeM 
head  wiH  comptthAid  aH  the  sahs^ whose  oddt  ate  pr* 
ducts  of  combaationV  or  Mdecompoiiiifded. ''  Theya 
all  incaptfble  of  coUhbttstion,  and  maj  th^sAim  bedi 
tinguished  bj-^he  epithet  ineomhmhbk.  The  thi 
head  Will  consist  of  the  salts  whose  iRitda  are  comhi 
tible  \  Thej  maj  be  disttngnished  by  the  term  cwlii 
tibk  /  not  that  thej  are  all  strictly  e*^ble  of  conAn 
tion^  but  because  when  distilled  they  all  yield  c6mb« 
tible-  produeu.  The  fourth  hcsd  will  eontist  of  aa 
whekeacida  are  metallic.  They  are  all  inablBble 
water,*  and  most  of '  tbeni  are  found  nMiw.'  The  fil 
head  will  'comprehend  the  triple  salts,  or  those  metd 
4a]ts  which  conltatn- n%t  oHly  an  add  and  metallic  cf 
ide,  but  Itkewtsa  ati  alkali  or  eartlK  Thns  Mhe  sa 
<>f  CMgr  getius  are  subdilrided  into  five  parts  ;  nam 
\j^  I.  Detonating.  IL  Incombustible.  IIL  Com|| 
tible.  lV.*MeiaUie.  V.  Triple.  Bui  this  divisi 
H^ill  be  -ittetided  to'only  in  the  genera,  which  have  be 
\lMXj  folly  investigated; 


^"  *  £»hultngf  the  mlphitcs  tod  phoffhitet,  which  trc  better  pb 
sndcr.  the  first  head«^ 


r 


Gekub  I.    Salts  of  Gold. 


ThoHGR  goM  was  tortured  with  the  most  persevc- 
ring  iadasttj  b;^  the  alchjrmistG  and  metallurgists,  and 
lias  been  an  interesting  otjject  of  examination  to  che- 
sntsu  in  every  period  of  the  science,  there  is  no  genus 
of  salts  with  which  we  are  at  present  so  little  acquaint- 
ed as  those  which  have  for  iheir  bases  the  orides  of  that 
iDctal.  This  ii  not  owing  to  the  expence  necessarilj 
attending  such  investigations,  but  to  the  peculiar  pro- 
perties of  gold  itself.  As  that  metal  is  not  acted  on  by  ^ 
Vij  of  the  acids  except  the  niiric,  osymuriatic,  and 
iiitro<  muriatic,  none  of  the  salts  of  gold  can  be  formed 
directly  except  the  nitrate  and  muriate :  all  the  rest  must 
be  composed  bj  precipitating  the  oxide  of  gold  from  its 
solution  in  nitro-niuriaiic  acid,  and  afterwards  dissolving 
it  in  the  other  acids.  But  this  method  was  not  thought 
of  till  the  oaCare  of  the  oxides  of  gold  was  known  ;  and 
iince  that  point  was  ascertained,  no  chemist  has  con- 
(idered  these  salts  as  worth  investigating.  It  is  ime, 
indeed,  that  the;  do  not  hold  out  those  brilliant  disco> 
Tcries  which  attract  adventurers  to  olber  parts  of  the 
Tcience  :  yet  it  must  be  admitted  that  an  accurate  exa- 
laiDation  of  the  metallic  salts  requires  as  much  address, 
ingenuity,  and  sagacity,  and  would  contribute  as  much 
10  the  advancement  of  the  science,  as  any  other  investi- 
gition  whatever.  It  would  throw  a  new  light  on  mi- 
neralogy, and  even  on  geology  ;  it  would  enable  as  to 
develop  with  more  precision  the  nature  of  affinity  than 
has  hitherto  been  dons ;  and  it  tvould  serve  also  as  a 
touchstone  to  try  the  truth  of  several  chemical  theericf 
which  are  at  present  in  vogue. 
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j^gg^^  There  ue  tsra  ofi^  of  gold  kaoi^rii,  the  purple  an 
'  '  •  '  ■'  the  yellow ;  but  as  &c  ai  it  known  u  prcMnt,  Uic  iin 
of  titeK  does  aoteontluale  wiiti  acids  st  al).  Coa$t 
goealljjUdieialtf  pfgoI4  arc,  atlctiy  iptakiag,  ny 
gt^mdi  that  is,  compoied  of  gold  combined  wiUi 
raucimna  oioxjgea*  .We  are  only  acqu»ntcd  atprc 
■enliritlt  tira^peciesof  Uttse  salts,  nanicljr  the  ami 
ftff^apd  t^  iiiir^(>  ficQce  tt  is  unnecessat'jr  to  subdi 
vide  the  senns.  .,.,..->,  i 

I'hc.^lioirgoldBMj  be  vceiWiMd  I^.ttR  JAM 

,    1.  .Thn  ue  totttlile  iii  inter,  liad  w  MdliBp||^ 

lijenoiffol'oor,     .  ,, .     "..  _-^ 

2.  .Tn^  pruiu^te  of,poHish  pccWaift">lirKl|J| 

Jrdlewiib^tfhite  precipiute  vrhen  pearei  into  ttiM|^ 
udooi. .     ,  '     -  •    .'  *, 

,  ^  S.  peUic  wid  or  the  infiiuoa  of  ootfiDi  giTiil.dM 
jioiutioni  a^reca  coIoDr*  end  ■ibro'Wn  ^Wdet  Is  Pfict 
fitatedf  wbidi  it  gold  reduced. 

4.  A  giate  of  tin  or  muriate  of  till  c^catiow  tbef» 
cipitation  of.B  purple  coloured  pow^r. 

5.  Sulphate  pf  iron  precipitates  the  tfold  in  the  .tD» 
tallic  state.    Sulphurous  acid  froduMt  the  same  efibcti 

8p.  I.     MiHriate  of  Gold,  '' 

This  salt-,  which  was  well  known  to  the  alobjiniab 
and  much  valued  by  them,  may  be  formed  by'diaaot 
yiog  gold  in  a  mixture  composed  of  one  part  of  mtrn 
and  four  parts  of  muriatic  acid.  The  metal  il  attackec 
initantlyi  aiid  dissolves  with  a  strong  effervescence,  oc- 
cutoned  by  the  emission  of  nitrous  gas.  The  UquU 
when  saturated,  which  is  known  by  its  refusing  to  dli 
solve  more  gold,  forms  a  solution  of  i  deep  yelltiiit  M 


faor.  It  ringts  ihe  skin  indelibly  of  a  deep  purple  Chiji-n 
colonr,  aiid  prottucei  ilic  same  cffccr  upon  almost  all 
initnul  and  vegetable  bodies,  and  even  upon  marble. 
Tbe  colwir  is  owing  to  ibv  partial  reduction  ol'  ihe  vel- 
Jo^  oxide  of  f;ol(l,  and  its  permanencj  to  the  strong  af- 
£ni(gr  between  metaUic  oxides  and  the  epidermis. 

When  this  suliitioii  is  evaporated,  muriate  <if  gold  i« 
obtained  in  small  crystalaof  a  fine  yellow  colour,  liavin^ 
liie  form  of  f oar-sided  prisms  (w  truncated  ociahedroni. 
Tl>€y  are  obtained  more  readilj  if  the  solution  be  eva- 
porated to  ha]l'  its  bulk,  arid  ;i  Iirile  alcohol  be  afterwards 
added  to  it-     This  muriate  is  so  liquitiable,  so  dii^ciiU 
to    obtain  dry,  that  it  can   scarcely  be  taken   out  of  lb; 
retort  without  considerable  loss.    In  summer  it  becomes 
J^^uid  in  the  oioming,  and  crysiallixes  towards  cvi 
m£,  pasMng  through  ibis  aliernaiion  during  thecontinu- 
a^:ice  of  the  hot  weather.     Its  taste  is  acerb  wiih  a  tittle 
ft>itlcnicu,  but  without  that  aft«r-^asle  of  meral  whicli 
«"«ndeTs  the  solutions  of  silver,  rr)ercuiy,&c.  sodisagre* 
^s^'ble.     It  dissolvcii  readily  in  alcohol,  and  may  be  sepa- 
K-aied  by  distillation  withcut  undergoing  any  change  •. 
When    its   solution   is  heated  gradually  in  a  retort, 
S3icie  passes  over  oxyinuriatic  acid  ;  and  a  minute  quan* 
Cttj-  of  U'uriale  of  gold  is  also  carried  along  with  it  un- 
<iecompo^ed  f .     The  gold  remains  spongy,  and  with- 
jpnt  lustre  at  the  bottom  of  the  retort, 
r  Tbi*  Hit  is  soluble  in  ether.      The  solutioo  bu  a 
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B«^  IL  yellow  colour  ;  tad  the  gold  is  gndiudly  nidqoi^  to  dH 
sm*  V  i.^'  mecmllic  Mate,  doubtlett  by  the  actioa  of  die  ether  oe 
it*  Ether  teemt  to  dissolve  iDorimte  of  gold  more  rea- 
dily then  water ;  for  when  liqoid  monate  of  gold  is 
agitated  with  ether,  the  whole  salt  passes  from  the  wattr 
U>  the  ether* 

It  is  decomposed  by  the  alkaline  earths;  the  yel- 
low oxide  of  gold  being  separated.  Bot^smmoina 
r^dissotvev  this  oxide,  and  so  do  the  fixed  alludiea  if 
added  in  sufilcient  quantity,  forming  probably  uiplesalta 
which  have  not  been  examined* 
Peemnpo.  U  is  decomposed  also  while  liquid  by  hydrogen  gaSg 
Swicibloir^  phosphorus,  and  sulphurous  acid  i  and  the  gold  is  pre- 
cipitated in  the  metallic  state,  being  deprived  of  its  oxy- 
gen by  these  combustible  bodies ;  but  when  dry  this 
decomposition  does  not  happen.  For  these  vyy  intCii 
resting  facts  we  are  indebted  to  the  ingenious  Mrs  FuU 
heme.  She  found,  that  when  a  piece  of  silk,  dipt  in  a 
solution  of  gold  in  nitro-muriatic  acid,  is  exposed  to 
hydrogpn  gas  while  moist,  the  gold  is  insuuitly  redu« 
ced  i  but  if  the  silk  be  dried  previously,  the  reduction 
does  not  take  place.  The  same  reduction  takes  place 
when  the  silk  is  dipt  into  phosphureted  ether*  If  a  bit 
of  silk,  moistened  with  phosphureted  ether,  be  dipt 
into  the  uitro-mpciatic  solution,  its  surface  is  imme* 
diately  gilt  with  a  fine  cpat  of  gold^  which  adheres  very 
s;ronglyt 

Mis  Fulhumc  ascertained,  that  this  reduction  of  the 
gold  dors  not  hnppcii  in  any  case  unless  the  salt  be 
moisientrd  wiih  water:  when  perfectly  dry,  it  is  not  al- 
trit'd.  This  is  not  ptculinr  to  tlie  action  of  combusti* 
b'.cj  on  !n<  lalhc  ^r.!:> :  It  ho!ds  also,  as  we  shall  see  fUe 


/ 


irds,  with  respect  to  llie  metals.  But  ii  it  b/  no  Chip, 
Ucans  easy  to  sec  whai  makes  waici  so  indii^peiisibl/ 
M««aiy.  It  IS  not,  as  it  commonly  supposed,  in  order 
'0  ucurc  tlie  6iiidity  of  the  niixiiire  :  for  Mrs  Fulliame 
hissbawn  that  ether,  though  a  liquid,  has  no  effect  in. 
miucing  gold  unless  water  be  present.  She  accounts 
very  iogeniou^ly  for  the  phenomena,  by  supposing  that , 
ihe  water  ia  decomposed.  The  combusiible  combine^, 
wjill  its  oxygen,  while  its  hydiogen  combines  with  the;^ 
oxygto  of  llie  gold,  and  reproduces  water.  This  iheory^ 
accciunti  very  well  for  the  phenomena;  but  it  would  , 
lec]  uire  seme  direci  proof  to  establish  it  completely. 

The  greater  number  of  the  metals,  when  plunged  m- 

:»    the  soluiion  of  muriate  of  gold,  occasicm  a  precipitate 

ci  titer  of  gold  in  the  metnllic  stale,  or  of  its  purple  ox- 

i^^  i   while  at  the  same   time  a  portjoti  of  the  precipi- 

t^LVjDg  Tieitti  is  oxidized  and  dissolved  by  the  acid.  Zinc,. 

tvoD,  bi&oiuih,  copper,  mercury,  precipitate  it  in  the, 

cs:A«iaUic  state.    Lead,  stiver,  and  tin,  precipitate  it  in  the 

^Xaie  of  purple  oxide.    The  sulphate  of  iron  precipitateg. 

B.K    in  (lie  metallic  stare,  and  is  at  the  same  time  convert. 

msA  into  oxy-sulphaie  by  llie  oxygen  which  it  has  ab-, 

ftOtbed  ;  whereas  the  oxy-snlpliaic  of  iron  produces  no, 

dfect  at  all.     The  same  thing  happens  with  tin.     The, 

muriate  of  that  metal  prtcipiiaies  ihe  gold  in   the  stata. 

of  purple  oxide,  combined  with  oxide  of  tin  ;   a  pre- 

d^tatc  well  known  by  the  the   name  at  precipitalt  of^. 

Cmsiiu,  BtMi  used  to  give  a  red  colour  to  porcelain  and 

gbss':  But  the  oxymurialc  of  tin,  which  is  already  at  a, 

Diximum  of  oxygen,  produces  no  such  effect ;  because 

it  does  not  absorb  oxygen  from  the  gold. 

IHr  Proust  has  published  a  number  of  experiments 


that  it  ii  t  compoand  of  gold  m  tho  looiillic  iMe^  a 
the  peroxide  of  fin.  His  proofii  thai  tbo  goldii  im  t 
netiUie  tme,  do  not  tppeer  lo  vie*  qoiie  tuMm,ih 
tboogh  thejr  eerttiol j  render  Ao  opMM  |liMiU 
There  em  be  no  ddabt  lb«l  the  two  eeMdriBemi  of  It 
powder  areehetiietUycombiaedk  Wheo  die  WfMp  (tt 
which  porpk  of  Ctmot  it  predpitated^  Mltiins  m  c: 
oeu  of  teid,  the  prtdpitttton  goes  on  tery  Jowlj*  It 
verj  ttuch  ftciHuted  by  the  tddtfion  of  pottihi^  bM  ei 
ifcottld  be  ttkeo  not  to  tdd  thlt  tikali  in  e|toe%  oihe 
wise  the  precipitate  is  contiuninnted  witb-a  nittuM 
tiocombined  03ude  of  tin.  From  PMoai^e  e^eriaMi 
we  learn,  that  tbie  powder  it  af  compound  of  one  port 
gbU  and  three  pirts  of  peroxide  of  tin  \  Afus  feg 
ditioltet  die  gold  and  Jeavet  the  tin ;  on  the  other  ban 
Wittriatio  acid  ditiolt!^  the  th  antf  kwvei  the  gtfd*  M 
trie  acid  distoltei  a  portiod  ^  the  tiiiy  and  Mghtooa  tl 
colour  of  the  powdier{  btit  is  doc  eapabhdf  diaac 
ving  the  whole. 

These  prtdpitattofts  ha^  been  long  Jkiidwn  t6  cb 
mists ;  bin  a  sacisfc^bry  c^planatien  of  tl|em  waa  t 
lately  considered  as  hopeless ;  and  ei^en  af  preient^  oc 
withstanding  the  progress  which  the  science  has  UMd 
there  are  seteral  partieiilars  attending  thfem  #hidi-  a 
not  fully  ondentood.  (^gman  first  tbieW  light  H^ 
the  subject,  by  shdwing  that  the  preeipitfting  metal  a! 
aorbe4  ozyg«a  from  the  other  f  •  Berthollet  has  ain 
rendeted  it  probable  that,  in  most  caaoS|  wbctt  tbo-pe 
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cipitale  is  in  (he  metallic  stale,  it  is  ccmbtncd  uitfa  a  Chip-  W- 
portion  of  the  precipiut'mg  metaJ,  and  iherefore  in  the 
state  of  an  alloj  i  and  that  when  prccipiiaied  in  the 
state  of  an  oxtde,  it  retains  a  portion  of  the  acid  witli 
uhich  it  was  combined,  and  is  ilicretore  in  the  stale  of 
a  leb-tah  *.  But  the  full  discussion  of  this  subject  be* 
}otigs  to  ihc  succeedirg  Book.  Even  the  theory  of  that 
acute  philosopher  will  not  account  for  cvtry  thing, 
Tbe  precipitation  does  not  succeed  cquall/  well  in  all 
circumstances.  Every  person  most  have  observed,  that 
%Q  TTianj  cases,  when  the  liquid  is  very  much  concen- 
Xrated,  a  plate  of  metal  produces  no  change  in  sevenJ 
Kouts  ;  but  the  moment  it  is  diluted,  the  dissolved  me. 
Cl  precipitated  in  abundance. 

^^^L  Sp.  2.    Nitralt  of  Cold. 

^^^^pRAMDT  first  observed,  that  nilrous  acid  has  the  pro* 
^^^^Ktf  of  dissolving  gold,  especially  when  assisted  by 
hext  -,  and  this  observation  has  been  coafirmed  by  the 
nibsequent  cspcritncnLs  of  several  other  philosophers, 
fuutcroy  has  aiceriained,  that  this  cflect  is  produced 
only  wbcn  the  acrtl  contains  a  Urge  portion  of  nitric 
oxide,  and  when  ihe  gold  is  very  much  divided,  as  in 
tllc  state  of  gold  leaf.  The  solution  has  an  orange  co- 
lour, and  always  retains  an  excess  of  acid.  It  cannot 
^  evaporated  to  dryness  without  decomposition,  as  the 
oitnte  of  gold  which  it  contains  is  decomposed  fay 
Kght  and  by  beat.  This  salt  is  decomposed  by  muiu 
Stic  acid  i. 


iiplaiutit>D,whcn  inniLMdl  iniv  ittc 
f  4»i-  di  Qiim.  IXITU. 


BMrfcin  Unguagr,  ii,  ia  iSect,  tb 
(  Fourcroy,  »!■  39"t 


liLKVi  II.     Salts  or  Flatimb<i. 

A*  plaiir.um  agrees  with  gold  in  its  power  of  tcsisn. 
ing  all  ihe  acidi  except  ibc  oAy~tnan»lic  and  ni(ro-mu- 
|-i«lic,  itie  lame  obttadet  lie  in  ihc  nay  of  an  examina- 
tion of  the  nlu  of  pUtinum  which  have  pieveutcd  iil 
from  gelling  acquainted  with  ihe  U«  genut.  Indeed 
the  icarcily  of  this  metal,  and  the  great  diificulry  of  pro- 
curing it  in  a  stau  of  purity,  render  it  siiU  less  ea«y  to 
examine  the  wlu  which  it  forms.  We  need  n»l  be  iur. 
prijcd,  therefore,  that  this  genus  is  scarcely  farther  ad. 
ranccd  Ihin  the  l»t. 

The  salt»  of  platinum  mny  be  distinguished  by  the 
following  properties- 

1.  Their  solution  in  wtler  has  a  brown  or  yellowish* 
brpwnco^^,  ,.  ;  . .  „.  -,,...., 

.3.  Tri^  jKi^wUt*  of  potwli  oeemiu^ifo  pt^fpfkau 
iq  these  tolutiont.    ...  ., -,,  ., 

3.  Neither  f(aay,prectpiute  produced  by.g^lic  acid 
or  the.iofusion  of  nittgaU^ 

4'  Potash  and  anuBOnja  occaupa  the  pndpitttioa  of 
imtU  orange-colour^  cryat^  .     , . 

5*  SulphurQte4  hydcogen  ytccipitites  lb*  pladaoni 
jn  Uifr  tnetalltc  (tatf.      ... 

Sf.  I,     Nitrate  o/Pkaimm,  ' 

NlTttc^lD,  a^  far  ^UltDown,  is  Qot  enable  of 
dissolving  platinum,  except  when  that  metal  is  alloye^ 
with  gold ;  but  the  peroxide  of  platinum  dissolves  rea- 
dily in  this  acid,  and  forms  with  it  a  nitrate,  the  proper* 
ties  of  which  have  not  been  examined. 

When  this  svlulion  i«  evaporated  to  dnmen,  tbere 
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a  subniliate  of  platiniim  essily  (Secomposed  by     Chtji-  m 
heat.     From  ihe  Mperiments  of  Mr  Chcnevix,  we  leair. 
that  this  subnitrale  is  composed  of 
^^^  6D  peroxide  of  platinum 

I    """" 

Thk 


100' 


5/. 


Muriate  of  Plat 


This  jalt  may  be  formed  by  dissolving  platinum  in 
ozj-Diuriatic   acid  ;    but  ii  is  more  easily  obtained  by 
unears  of  niiro-muriatic  acid.     Sixteen  parts  of  a  mix- 
cure,  composed  of  one  part  of  nitric  and  three  parts  of 
MDoriaiic  acids,  when  boiled  upon  ptatinum  previously 
veduced  to  powder,  gradually  dissolve  it  with  a  violent 
•fferveseence,  duiinp  which  hyperoxy muriatic  acid  g«» 
Js  disengaged,  as  Mr  Chenevix  has  asceriaiDed.     This 
solution  assumes  at  Rrst  a  yellow  colour,  which  grada> 
ally  deepens  as  the  platinum  dissolves;  and  when  the 
Folulion  is  linishcd,  it  is  of  a  \'ety  deep  red  or  brown. 
It  is  exceedingly  acrid  and  causiic,  acid  tinges  the  skin 
iodelibly  of  *  dark   brown  colour.      When  it  is  suffi- 
ciently concentraied  by  evaporation,  very  small  irregu- 
lar crystals  of  muriate  of  platinum   ate  deposited  of  a 
reddish  brown  colour  :    when  properly  edulcorated  and 
dried,  they   are  less  soluble  in  water  than  sulphate  of 
lime  f .    This  salt  has  a  disagreeably  astringent  metallic 
taste.     Heatdecomposes  it  by  driving  off  the  acid.   The 
earths,  as  far  as  they  have  been  tried  Xi  decompose  th* 


*  Ctenevii  on  FtUaJium^  p.  27,  t  Bcr^nian.ii.  It?. 

t  Mr  Chene«i:i  round  thai  lioic  prriipitatc*  nnlf  '  p&rC'^n  nTtbt  oi- 
!dc,Bnd  not  tbc  nhulr. 


M  SALTS  OK' 

^^■?!,.    Solution  of  Uiis  sail  by  prccipitaiiog  il3  oxide :  aod  the 

t^v^aw    saoie  eScct,  as  Bergman  lirsi  demonstratetl,  is  pToduceil 

'  by  a  sufHcicnt  quantity  of  soda  '.     But  the  other   two 

alkalies  combine  with  tbc  muriate  of  platiiiuoi^and  form 

Whn  the  aolndon  of  this  nit  ii  enpcnted  to  dcj* 
am,  Ibe  inwliibk  moriaic  which  TMHim  uaeafNidal 
10  perwdd*  of  plMUoa    . 
90  Hid  Kid  iMier  -    : 

.loot.  .  ;-:■   ,.,.       r 

TiKnKV  inlidnricadd  hw  a»  — cJcai  yhlJnia^ 
it  dbt^TM  iw  ond«  *  b«tt  dM  prapcgrtici  of  tiK  Hk  tew 


-  Mr  Cbowvtz  bu  aaoetniacd,  tbM  thiuaid  wnfrnmat 
lb*  perMida  of  flMfaiiiH  from  cnrjr  otbw.  Th^immd 
MI«  iatpbtt«.&>rawd  hf  tvtfontimg  to  irjnmt  a  toltu 
lion  of  marittte  of  (duiiiaiB,  decompoMd  bf  ni^iKie 
mU,  4«  aootpOMd  of. . .  .ft4>5  peroxide 

4$'5  arid  end  mMt 

iwot 

^.4.    Smuae  ^  Platimm. 

-  OirtT  ft  smftll  proportion  of  the  oxide  of  plitinuni  is 
dlstolred  by  benloic  acid.  The  liquid,  by  eTtporfttton, 
^eld)  yeflow  crysuls  of  benzoatc  of  plattmim,  which 
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«re  not  altered  by  exposure  to  ihe  air,  arc  difficultly 
lublc  in  waicr,  and  nol  at  all  in  alcoho].  When  exposed 
to  the  aclioii  of  beat,  tbe  acid  Is  driven  oS*,  aad  ibe  oxide 
Wtbcliind'. 


i 


Sp.  5.      OxaMff  o/Piatinum. 

pLATidUM  is  not  acted  on  hj  any  acid  except  the 
Mc  J -muriatic  and  niiro-muriatic  ;  but  its  oxide  is  solu- 
ble in  oxalic  acid,   and  jields  by  evaporation   yellow 
erj-stals  of  oxalate  of  platinum,  the  properti«a  of 
b^M.ve  not  been  examined  f, 

Sp.  6.      Pruisiate  of  Platinum. 

ScnzELE  asccrl^ned  that  pruisic  add  has  no  b< 
^^iher  on  platinum  or  its  oxide  :  neither  is  any  precipi*' 
t^^ie  occasioned  by  ponfing  the  prussiates  into  a  solii- 
^  ^Kon  of  platinum  in  niiro-murtatic  acid.  Consequenii^ 
^tTXie  prussisie  of  platinum  is  soluble  in  water  {. 

Sp.  1.     Muriate  of  Platirmmand-Potath. 

When  potash  is  added  to  the  solution  of  platinum  in 
^itro -muTiatic  acid,  small  heavy  ctysials,  of  a  red  co- 
3ouc  and  octahedral  form,  are  deposited,  composed  of 
nuiiaiic  acid, oxide  of  platinum,  and  potash.  The  same 
iTil^e  uUt  is  obtained  if,  iasiead  of  potash,  the  sulphate, 
nitrate,  muriate,  or  acetate  of  that  alkali  be  employed. 
Ii  is  sometimes  obtained  also  in  the  form  of  a  yeiloir 
powder,  it  is  soluble  in  water,  and  decomposed  with 
difikruliy  by  soda  \. 


\ 


•  Tromindarf,  4nm.  A  CInm.  li.  y; 
tSchecic.ikijs. 
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DWiftiopill.  M.  8.     Munati  of  rlawmm»(ma*Ammim$a* 

For  the  discover j  of  the  oatare  'of  this  salt  ¥re  ai 
likewise  indebted  to  Bergman*  When  ammonia  ia  add 
ed  to  the  solution  of  platinum  in  nitro-mnrtatic  ad( 
small  crystalline  grains  are  deposited,  which  have  a 
octahedral  form,  a  yellow  cololo*,  and  are  a^lbbl 
in  water.  These  crystals  are  ooibpoaed  of  mufitti 
add,  oxide  of  platinnm,  and  ammonia.    Tliey  are  ol 

•  tained  equally,  though  not  in  auch  abondaooe,  if  to] 
phate,  nitrate,  or  muriate  of  ammonia,  be  cmployait  iri 
stead  of  the  pure  alkali  or  its  carbonate.  Soda  dissolve 
them  ;  and  when  the  solution  is  evaporated  to  drynes 
the  ammonia  ia  volatilixed,  and  the  oxide  of  ptatinui 
separated*.    When  this  or  the  preceding  salt  ia  expi 

•sed  to  a  strong  hem,  th^  platinum  is  reduced*  This' 
the  uiual  method  <tf  purifying- platinum. 

Sp.  9.  and  10.     Triple  Nitrates  of  Platinum. 

Bergmak  has  ascertained  that  potash  add  ammoni 
or  their  saline  compounds,  produce  the  same  effect  upc 
the  solution  of  nitrate  of  platinum  that  they  do  on  tl 
muriate }  that  is  to  say,  thej  occasion  a  predpitat*  j 
ctystalsy  constituting  a  triple  salt ;  composed,  in  the  fis 
case»  of  nitric  acid,  oxide  of  platinum  and  potash  ;  ad 
in  the  second,  of  the  same  add  and  oxide,  combim 
with  ammonia  f. 

Sp.  11.  and  12.     Triple  Sulphates  of  Platinumm 
Bergman  has  proved,  that  when  potash  or  ammi 
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Genus  III.     Salts  or  Silver. 


or  their  compounds,  arc  dropt  into  Ihe  solutloa  of  Chap.  UL  j 
^phate  of  pUtinum,  a  triple  salt  is  also  precipitated  ; 
(ompoaed,  in  tlie  first  case,  of  sulptmric  acid,  oxide  of 
plstinutn,  and  potash  ;  and  in  ihe  second,  of  the  same 
bociies  combined  with  ammonia  *.  It  appears,  then, 
thxt  the  oxide  of  platinum,  with  what  acid  soever  it  be 
oniled,  has  the  properly  of  combiniflg  with  potash  and 
ussinoiiia,  and  of  forming  with  ihem  triple  salts.  In 
this  respect  the  oxide  of  platinum  agrees  with  the  jrel- 
low  oxide  of  tungsten  ;  and  it  is  not  probable  that  the 
property  is  confined  to  these  two  metallic  bodies. 

f#........,„....,.,.,...., 

\         hat  ii  resists  the  action  of  the  greater  number.     The 
nitric  dissolves  it  with  great  facility}  hence  it  is  theni- 

,  mte  of  silver  with  which  we  are  best  acquainted.  Most 
of  t)ie  other  acids  form  with  it  compounds  scarcely  so- 
bb^  in  water.  Ail  the  salts  of  silver,  as  far  ai  is 
Ita^wo,  are  decomposed  by  the  alkalies  and  earths,  ez- 
«{ai  the  niuriate.  Vauquelin  has  ascertained  that  the 
allcalies  have  no  effect  upon  this  suit,  and  that  oxide  of 
silver  is  capable  of  decomposing  the  alkaline  muriates. 
l~>kC  Balls  of  tilver  may  be  easily  ascertained  by  the 
foUowing  properties  : 

J.  When  exposed  to  the  action  of  the  blow-pipe  up-    characters. 
Ora  charcoal,  they  are  reduced,  and  a  globule  of  silver 
btbtiined. 


*^  Vn.       ^'  '^'"  P''''Siia'e»f  when  dropt  into  a  solution  o£"   ^ 
*       >       '    nit  of  tilvcT,  occasion  a  white  precipitate. 

3.  H^drosulphurel  of  ptttash  occasions  >  black  pre-^ 
cipitaie. 

.   '4.  Muriatic  acid  or  the  alkaline  muriates  occasion  ■ 
white  heavy  Raky  precipitate  resembling  curd. 

5,  Gallic:  acid  and  the  infusion  of  nutgalli  occatloa  t 
jrellowiih  brown  precipitate,  at  least  in  several  of  tba 
•olntions  of  silver. 

6.  When  a  plate  of  copper  is  put  into  a  solution  of 
stiver,  that  last  metal  is  precipitated  in  ihv  metallic 
«tate,  retaining,  however,  a  little  of  the  copper  allojred 
witb  iu 

1.  The  solulioD  of  sulphate  of  iron  predpitatea  the 
vlvcr  in  ihe  nwtallie  atal*. 
t  . 

I.   DlTOHATIHO  SaITI. 

Sf.  1.     NUratt  of  super. 

There  ate  two  apeciet  of  this  sail.  The  firsts  which 
haa  been  long  knowo,  is  an  oxjnitrate  coutaiuing  the 
ptroride  of  ailver ;  the  aecoDd,  tecently  deacribed  bjr 
Mr  Prouft,  is  a  nitrate. 

'  1.  Oxymtratt.  Nitric  acid  attacks  silver  with-coo^ 
lidcrable  violence,  and  disaolTes  about  half  its  weight ' 
of  it.  The  effervdcence  is  occasioned  bj  the  disco> 
gagemeot  of  nitrous  gas.  The  acid  employed  mast  be 
pure  {  if  it  aontaios  any  muriatic  acid,  at  is  always  the 
case  with  the  nitrous  acid  of  commerce,  a  white  insolik 
ble  muriate  of  silver  falls  to  the  bottom  of  the  vessel. 
If  the  silver  contain  gold,  that  metal  is  also  precipitated 
in  the  form  of  a  black  or  very  deep  purple  powder. 
Prepmln.         The  solution  is  ttoipid  and  colourless,  ezceedingljF 


heavy,  and  caustic.  It  gives  tlie  skin,  hair,  and  al-  ' 
most  all  Bnimal  substances,  an  indelible  black  colour. 
Hence  it  is  often  used  lo  dye  hair,  Stc.  When  evapo- 
fated  till  a  pellicle  begins  to  form  on  its  surface,  il  de- 
posites,  on  cooling,  transparent  crystals  ofoxynitrale  of 
iil'*-er.  These  crystals  are  brilliant  and  very  irregular; 
sometioies  assuming  the  form  of  six-sided,  sometimes 
of  four-sided,  and  sometimes  of  three -sided,  thin  plates. 
X~fceir  taste  is  intensely  bitter  and  metallic. 

This  salt,  at  the  temperature  of  QC,  dissolves  in  its 
O-^wn  weight  of  water*-  It  does  not  deliquesce  in  the 
■^xr;  but  when  exposed  to  a  strong  light,  it  becomes 
^vown,  and  the  silver  is  partly  reduced.  It  is  soluble 
-wn  alcohol+.  When  heated,  it  readily  melts,  swells  up, 
K.:nd  then  remains  liquid.  When  allowed  to  cool,  it 
^■onns  B  grey'Coloured  m.ass,  cryitail!z,ed  iDtcrnally  in 
■r~BeedIes.  In  th»t  state  il  is  cast  in  moulds  by  apotlie- 
^:=aries,  and  formed  into  small  cylinders,  often  employed 
Vny  surgeons  under  the  names  of  iapii  infernaiU  and  /b-  '■ 
■Mar  eauiticf  to  open  ulcers  and  destroy  fungous  excres- 

When  this  salt  is  exposed  to  a  red  heal,  as  wheo  it 
-  il  put  upon  burning  coals,  it  detonates,  and  the  silver 
remaiiu  pure,  attached  to  the  surface  of  the  coal.  The 
same  reduction  takes  place  when  the  salt  is  distilled  in 
a  retort,  and  nitrous  gas,  oxygen  gas,  and  az.otic  gas  are 
disengaged. 

Mrs  Fulbame  has  shonn,  that  when  this  salt  is  dis- 
solved in  water,  it  is  decomposed,  and  the  silver  reduced 


I 
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hj  nieani  of  hydrogen  gas  ind  phosphorut.  A  bit  «i 
.  silk  Diotstericd  with  Ihii  soluiton,  and  exposed  to  tht 
action  of  hydrogen  gas,  is  almost  immediate)/  covered 
with  a  tUin  layer  of  ailrer,  which  adherrs  strongly. 
The  same  efiecc  is  produced  bj  phospharos  and  by  sul- 
phurous acid  gas. 

This  salt,  both  in  crystals  and  after  being  melted,  ha! 
Ihe  property  of  fulminating  violently  when  mixed  witt 
phosphorus,  and  siruck  smartly  with  a  hammer.  Tbi* 
was  first  observed  by  Brugnatelli.  To  the  same  inge- 
nious chemist  we  arc  indebted  for  Ihc  two  following 
facts:  Whea  three  grains  of  sulphur  and  nine  grain) 
of  nitrate  of  silver,  mixed  together,  are  struck,  with  : 
ccdd  hammer,  the  sulphur  inflames,  but  no  deionalioc 
takes  places  whereas  if  the  hammer  be  hoi,  the  mix- 
ture detonatet,  and  the  silver  is  reduced.  If  charcoa 
be  Eubstiluted  for  aulphur,  only  a  faint  detonaiiou  v 
heard  though  the  bammcr  be  hot*. 

The  silver  is  precipitated  from  the  solution  «r  ihii 
salt  in  water  in  a  metallic  slate  by  the  greater  numbei 
of  tlie  metals,  especially  by  mercury  and  copper,  wbicti 
kt  tbc  Mnt  tiow  wtalnoe  frith  it. 

Thia  wit  u  40M«i|MKd  by  bU  tbc  aUudtM  mi  alk*. 
fine  etiHUf  mi  by  lh«  auiphttric,  talpbnrw^  nariaU^ 
fbocphori^  fliionc  attdttcnd  their  wit). 

Mr  ProBSt  bu  thotrn,  thM  when  silTcr  ia  duvolved 
in  nitric  acid  a  small  portion  of  the  metal  it  TolatiUied 
l|y  Ac  ebullition.  Fran  biacxperiaocntt  it  does  sot  ap* 
pear  that  oiToitratc  of  ailvci  cootaias  any  water  <rf  VJ*- 
bllization.    He  found  it  composed  of 


•  A«  *  CUm.  ivrii.  79. 


.  Karate.  This  salt  may  be  obtained  bj  the  foUon'. 
I  process ;    Put  a  quantity  of  pure  powder  of  silvcc- 
S  a  solulion  of  nitric  acid  already  saturated  with  sil- 
ver, and  boil  the  mixture  for  an  hour  after  nitrous  gat 


has  cea&ed  to  be  evolved ;  then  draw  otT  the  clear  li 


i^uor 


the 


with  a  bulbed  siphon.    The  solution  is  of  a  pale  yellow 
colour,  and  it  may  be  concentrated  icucti  more  than  the 
jolution  of  oxynitrate,  as  the  uilrate  which  it  afibrds  is 
much  more  soluble.     When  it  is  in  the  proportion  of 
340  to  100  of  vvater,  it  is  still  far  enough  from  crystal- 
iiling,  and  sometimes  it  remains  fliuid  for  several  days; 
but  if  it  be  poured  inio  a  phial,  it  congeals  so  sudden- 
Ijr,  that  the  last  portions  from  the  mouth  of  the  retort 
become  lolid  like  ictclcs  from  the  eaves  of  a  bouse,  and 
■^A  great  deal  of  heat  is  evolved.     It  is  difficult  to  bring 
at  to  a  regular   crystallization,  because  it  has  a  much 
greater  tendency  to  congeal  tliao  to  separate  into  cry- 
stals.     If  it  congeal,  it  cannot  be  redissolved  without 
the  separation  of  a  yellow  powder,  which  is  a  subni- 
J^te  of  silver.     Hence  it  appears  that  the  portion  dis-.  I 
ived  takesa  portion  of  acid  from  this  yellow  powder. 
Wbeo  the  solution  of  nitrate  of  silver  is  kept  in  the 
len  air,  it  soon  absorbs  oiygen,  loses  ill  colour,  and 
deposites  crystals  of  ozynitraie.     The  same  change  u 
produced  immediately   by   the  adition  of  nitric  acid, 
liencc  a  few  drops  of  that  acid-occnioa  the  immediate 
deposition  of  large  scales  of  oxynitrate. 
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tlLVXR. 

Iqr  boMing  phosphate  of  tihrer  in  JiTpefOzjj-   ^Ci^y, 

Aiato  of  alominiy  or  bj  passing  a  correot  of  oiiyiBtu 

lie  mod  throogh  water  in  which  the  oxide  of  silver 

^aqiended.    It  is  soluble  in  about  two  parts  of  warm 

Aler  ;  but  as  the  solution  cools,  it  crystallizes  in  sniaU 

lombotdsy  opaque  and  dull,  like  nitrate  joi  lead  or  ba- 

ftcs.     It  ia^soluhle  in  alcohol.     Muriatic-acid  deconu . 

oaes  ii^  as  does  nitric,  and  even  acetic  add.    But  the 

ijrperaxjmuriatic  acid  is  decomposed,  and  the  muriate. 

jf  silrer  cemains  behind. 

Wlwiuhis  salt  is  exposed  to  a  modcirate  heat,  it  melts, 

mgffiea  is  given  out,  and  muriate  of  sibrer  remains  be- 

lund..    Whfen  mixed  with  half  iu  weight  of  sulphur, 

aadstmck  slightly,  it  detonates  with  prodigious  utio* 

kaoe.    The  flash  is  white  and  vivid,  and  accompanied 

by  a  sharp  and  quick  noise,  and  the  silver  is  jcduced 

apd  folatilixed  *• 

II.  Incombustible  Salts* 

Sf.  3.    Muriate  of  Silver p 

Mdii ATic  ACIB  does  not  attack  silver,  even  when  as« 
sftsted  bj  heat ;  but  the  muriate  of  silver  is  easily  fornix 
ed  by  dropping  muriatic  acid,  or  any  of  its  combinatioof 
with  alkalies  or  earths,  into  the  solution  of 'silver  in  nu 
trie  acid.  A  white  flaky  precipitate  immediately  ferms, 
which  is  muriate  of  silver,  or  bamsilper  as  it  was  for*; 
merlj  cUled. 

This  salt  is  one  of  the  most  insoluble  known  :  Ac^  Ptvpmkg. 


*  CheDevis  t^  tit  OMjgm»id  ami  Hyftnu^tmrntd  Mvrittit  A'i^*^ 
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cording  to  Monnet,  it  requires  ho  let)  tlian  30T2  pUU 
of  water  to  dissolve  it.  When  exposed  to  the  ur,  it 
gruluKlly  acquires  a  purple  colour,  owing  to  the  escape 
of  part  of  ill  acid,  and  the  consequent  reductioa  of  pad 
of  the  oxide  of  liWer.  When  exposed  to  a  beat  of  & 
bout  sod",  it  melts,  and  assumes,  on  cooling,  the  foin 
of  a  grey-coloured  semi  transparent  mats,  having  toou 
resemblance  to  horn,  and  for  that  reason  called  lana  cor 
nea.  A  strong  heat  sublimes  it,  as  Margraf  asccrtaiu 
ed*.  When  heated  slronglj  in  an  earthen  crucible,  i 
passes  through  altogether,  and  is  lost  in  the  6re ;  bu 
when  mixed  with  about  four  times  its  weight  of  fixe 
alkali,  forowd  into  *  ball  witb  « Itttlt  watw»  aad  nsdi 
ed  itpWy  in  a  cnuabiB  wiU  lb«d  widi  alkali,  Um  nl 
yw  ii  radaoed.  Bad  obtained  iaa  auteofpiiri^.  G«a 
•idtvaUe  caadoa  iaaecawaiy  in  conductiiiy  Aia  ezpt 
riment.  The  eaaicft  waj  of  obtaining  dw  diver  i%  h 
boiling  the  Btnriate  in  an  in»  pot  with  water  and  piecf 
of  iron. 

Tbe  muriate  of  lilTer  ia  xdnble  in  ammoiua.  Th 
alkaline  carbooate*  decompose  it*  bat  not  the  pure  alka 
lie* ;  iiMtbcr  la  it  draiwpoiad  bj  aaj  of  tbe  aeidt 
Several  of  the  awttali,  wbea  foaed  aloi^  iriUi  it,  aepa 
rale  the  ailTer  in  its  awMllic  atalt ;  bat  it  is  alwajs  al 
lojed  witb  a  little  of  tbe  metal  cmplojed.  Cwppm 
tre*,.lead,  tin,  unc,  aniimooj,  aad  btstaotbw  b«ve  bcei 
used  for  that  parpoae  f.  If  the  aolntioB  of  tbit  aalt  i 
ammonia  be  mixed  witb  running  mercurj,  tt^e  silve 
gradually  separates,  combines  with  the  merouy,  an< 


■  Ofui.  L  i6j.    Ptoun  iSirni  that  tlL*  a 
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>  (h«  cr^stali  usually  distinguish  rd  bj  the  name  of  Chip.  m. 
«r&or  Dianit.  Margraf  TcCDrnmeods  this  amalgama- 
tion as  the  best  method  uf  procuring  pure  silver.  This 
mIi  dissolves  in  muriatic  acid,  and  b;  thai  means  maj 
bt  obtained  in  octahedral  crystals.  When  the  ainma- 
niacal  soltiiion  of  (hit  salt  is  heated,  fulminstitig  sil- 
ver is  prccipiiaCed  *. 

Considerable  pains  have  been  taken  to  ascertain  the 
fonstitaenis  of  this  salt  correctly,  because  it  is  by  means 
»f  it  that  the  diSercDt  muriates  are  analysed.  The  fol- 
lowing Table  exhibits  the  result  of  the  most  accurate 
uials  hitherto  made : 


+ 

X 

f. 

II 

K 

Acid 

16.54 

n 

1T7 

IS 

18-28 

Bue 

83-4rt      8S 

82*3 

82 

81-72 

ToCJl 

100           100 

lOO 

lao 

100 

These  analyses  correspond  very  closely  with  each 
<»tlier.  The  result  of  Bergman's""  esperimenti,  as  well 
^«  those  of  Wenzel  Hi  differ  very  little  from  the  prc- 
lC«<|ing.  We  may  consider  100  pans  of  dry  muriate  of 
aulvcT  as  containining  ly-R  parts  by  weight  of  pure  sil- 


•  pTOdU,  Nichotton'i  Jmr.  iv,  369. 

I  Kinnii,  NichoIioD't  ^«rfo  /our.  iii.  us-    The  olc  wu  dried  it 
110".    The  mfgcn  in  thebiK  he  uuei  at  %-tA. 
\  Chcnevii  On  Hyfrnxygnuitd  Muri.it'c  AriJ,  p,  1 1. 
I  Zthuadi,  /HT.  W>  Pij,.  U.  J  70. 

1  Pfrnin, /w.  A  P'j:  »lii.lli,  1  Rojc,  GehlcB-iJmr,  »l  IJ. 
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Mnriatp  of  lilver  U  formed  also  when  silver  is 
$cd  to  the  action  of  oxymuriaiic  acid. 

5^.  4.     Su/pbate  ofSUver. 

£uLrHtJKlc  ACID  doe/not  act  on  silyer  irfiile  cejU; 
but  when  boiled  upon  (hi^t  metal  in  the  state  of  pow- 
der, an  effervescence  ii  prodaced,  occasiooed  by  the  es> 
cspe  of  sulphurous  Acid  gas,  and  the  silver  is  ndoocd 
to  a  white  puss  soluble  in  dilated  sulphuric  ackU.  This 
s(4Btioa  is  limpid  and  colourless,  and  jieUs  on  en^o- 
ration  crystals  pf  sulphate  of  siljer.  These  crjratab 
are  white  and  brilliant,  and  have  the  form  ot  very  fia^ 
prisms. 

This  salt,  according  (p  Wenzel,  requires  Bl^th  parts 
of  water  to  dissolve"  it  j  hence  the  reason  that  it  is 
generally  precipitated  in  the  state  of  a  white  powder 
when  sulpbnri;  jtcid  is  dropt  into  a  solution  contain. 
ing  ulver.  It  is  soluble  in  nitric  acid  withoat  decom- 
poution  ".  ^Vhen  healed,  it  tiaelts,  and  in  a  dry  heat  is 
decomposed ;  the  silver  is  reduced,  and  sulphurous  acid 
and  oxygen  gas  are  disengaged.  When  exposed  t*  the 
light,  it  is  slowly  decomposed.  It  is  decomposed  also 
by  the  following  bodies : 

1.  Alkalies  and  alkaline  earths,  and  their  carboaatea. 

3.  Muriates,  phosphates,  fluatei. 

According  to  Bergman  \,  ]  00  parts  of  silver,  preci. 
pitated  from  its  solution  by  sulphuric  acid,  yield  134  of 
sulphate.  Now  allowiiig,  with  Proust,  lO'O  parts  of 
the  increase  for  oxygen,  this  would  give  us  the  com- 
ponent parts  of  sulphate  of  silver  as  follows : 


17' 4  acid 

82*0  oxide  of  sil  VI 


100-0 

^liis  vould  make  the  proporlioni  of  &utphal 
L^  same  as  chose  of  the  muriace. 


ncatlj 


Sji.  5.     SulpiJti  of  Silver. 


Sdlfhubous  acid  docs  not  attack  silver,  but  it  com* 
bi*>»  readiljr  with  its  oxide.  The  sulphite  assumes  tbe 
fonn  of  small  brilliiint  nhite  g-rains.  It  has  an  acrid 
ancullic  taste.  Water  dissolves  only  a  very  minute 
portion  of  it :  accordingly  sulphurous  acid  occasions  a 
white  precipitate  of  sulphite  in  solutions  of  silver. 
When  exposed  to  the  light,  it  assumes  a  brown  colour. 
When  strongly  heated  the  silver  is  reduced,  and  sul- 
phurous and  sulphuric  acids  exhaled, 

This  salt  may  be  obtained  aJso  by  mixing  togetbei 
ifie  solulioos  of  sulphite  of  ammonia  and  nitrate  of  sil- 
vesr;  hut  if  too  much  sulphite  of  ammonia  be  added, 
itk^  tall  is  rcdissolved,  and  a  triple  salt  formed,  compo- 
>cdo£  sulphurous  acid,  oxide  of  silver,  and  ammonia. 
X'^e  fixed  alkalies  are  also  capable  of  dissolving  the  sul- 
pl^ice  of  silver,  and  forming  with  it  triple  salts  *. 

Sj>.  0.     Pbosphatt  of  Silver. 

PnosFUOKic  ACID  does  not  act  upon  silver,  but  it 
«=<3mbineB  readily  with  its  oxide.  Phosphate  of  silver 
^  s  precipitated  in  the  state  of  a  while  powder  when  pbos- 
ploric  acid  is  poured  into  liquid  nitrate  of  silver.     It  is 


•  FoutcroT,  n.  jij. 


intolublc  in  water,  but  soluble  in  an  excess  of  phospho- 
ric acid.  When  heated  strong)^  in  a  crucible,  a  little 
phosphorus  comes  over,  and  phospburet  of  silver  re- 
maim  in  the  retort'.  This  salt  is  soluble  in  nitric 
acidf .  Mt  Cheneviz  has  shown,  that  when  boiled  with 
s  solution  of  an  earthy  tnunate  in  proper  proportions, 
muriate  of  silver  and  pfaosphate  of  the  earth,  botii  inso- 
luble, are  formed,  so  that  the  liquid  is  deprived  of  the 
whole  of  its  saline  part. 

•  Cauomic  Aetfi  btt  do  wtioa  wtaitenrBpaa  tUnr 
(othb  sbtoAed'Ttaifilj-  by.the  oxide  of  tli4t  Beflfl 
Tb  euteintte  mmf  bt  obtdned  bj  ptadpHttmg  lUw 
fiooi  iti  taM  nlittiOM  by  nwtM  of  t  CMrboUlw  *"*'* 
A  while  iaMlable  powder  ii  obtained,  whidt  It  oiAe 
Dite  of  nlver.-  Tbli  ttdt  becoaea  bi»ak  when  txpotbi 
to  At  light  t  Moit-  wltea  hcMcd,  the  a«id  it  drivctt  ofl 
tad  the  lilver  ^ocod.  According  to  BcipBaa,  yttIK 
tMaath  ia  obttined  hy  precipitating  lOO  parts  of  ^tc 
froiB  hi  t^Ation,  tj  meatii  of  ctrbomte  of  todit,'  i 
weight  ISO  t<  Abcoiding  to  this  experiiaea^  if  «i  ti 
low.  With  Tt6aali,  lO*s  putt  of  the  increate  of  w^ 
to  be  ox/geo,  ^irbodtte  of  tilTer  fa  ooiapowd  of  ftMi 
14*8  add 
85-8  oxide  of  ulTer 


•  FoBTCTor,  ^l  340.  t  Dunc^,  An.  A  CUm.  tl  17  J. 

t  Betrnin,!!.  391. 


Sp.S.     Fluate  of  Sihn: 

pLUOHic  ACID  does  not  attack,  silver  ;  but  its  oxide 
ii  partljr  dissolved  b;  that  acid,  and  partly  forms  wiih 
it  an  iasoluble  salt  *■  This  acid  precipitates  the  flaate 
of  silver  from  the  liquid  niiratc  in  the  form  of  a  while 
hcBvy  powder,  which  \i  supposed  by  some  to  resemble 
itk«  muriate  of  silver.  This  sail  ti  decomposed  by  the 
■xftlpliDric  Mid. 

^^^  Sp.  9.     Borate  ofSiher. 

^B^BoKACtC  ACID  has  no  action  on  silver  whatei'er;  but 
tt)«  borate  may  be  formed  by  pouring  a  solution  of  bo- 
r»3i  into  liquid  niiratc  of  silver.  The  salt  falls  to  the 
t>altom  in  the  form  of  an  insoluble  white  powder^ 
«vhich  has  not  been  examined. 

111.  CombObtible  Salts. 
Sp.  10.      Acitati  o/Sihtr. 

Acetic  acid  has  no  action  whatever  on  silver;  but 
It  ttadily  dissolves  its  oxide,  and  forms  with  it  acetate 
if  silver.  The  properties  of  this  salt  are  but  imper- 
ftctljr  knowp.  It  may  be  formed  easily  by  putting 
Kctste  of  putash  into  a  solution  of  nitrate  of  silver,  or 
^latnrating  hot  acetic  acid  with  the  oxide  of  silver. 
On  cooling,  the  solution  yields,  aecordiitg  to  Margraf, 
kntll  piismatic  ctyicals  of  an  acrid  metallic  taste,  and 

bIj  dissolved  in  waler+.     When  heated,  it  swells  up. 


\  Ofmi.  \.  Ic6.    Thit  hu  bMn  denied  by   Monnct,  but  found  «ccaiale 
trKinn*.    The  «u«ta(*d  wlutiorj,  Tiltercd  wbile  hoi,  jitUcd  hiiri 


ShUooIlf. 


'^J*!!.     the  and  isdianpated,  and  ihc   oxide  of  lilver  remaim 
behind. 

'  .j»  -Hit-    : 
Sf.  11.    Beazoate  of  Silwri  „_,.  _  ^  , , 

Benzoic  acid  does  not  attack  silver,  but  it  diisolvn 
itt  oxide,  and  forms  wiUi  it  a  saJl  easiJj'  soluble  ia  wa. 
ter,  bat  in  a  rzty  fknill  proportion  ia  ■Icobol.  It  doet 
fiotdeliqiiean  inlheair;  hut  wheb  extkned  to  the  nji 
of  the  tiiD,  it  becomes  browo.  Heat  voIatiliMS  the  add 
ttid  revivet  the  iSIver  *. 

j^.  12.     Sueeaait  of  Sihtr.       ^ 

The  mcdnic  add  does  not  act  on  uVntt  bot  it  di*^ 
•olvet  its  oxide,  and  font;s  with  it  a  salt  which  crfiM^ 
Hzei  in  tlun  oblotfg  ranted  priimi  t> 

5^.  13.  Oxalattof  Sihtr. 
Oxalic  acis  does  not  attack  silver,  bat  it  £noI*ei( 
a  tmall  portion  of  its  oxide.  The  oxalate  of  silver,' 
which  was  first  examined  by  Bergman,  roajr  he  formed 
by  pouring  oxalic  acid  into  a  solution  6f  nitrite  tX  sil- 
ver. It  is  a  white  poWder  scarcely  soluble  in  water; 
and  not  at  all  in  alcohol ;  but  sotnble  in  nitric  actd.  It 
becomes  black  by  being  exposed  to  the  air;  owing  |6 
Ibe  reduction  of  the  otide  J. 

Sp.  14.      Tartratt  of  Stiver. 
Tartaric  acid  does  not  attack  silver ;  bnt  tixtir 


very  ^xcdilj  icicuW  tzftuU.    He  luppoia  that  Maonet  fiHei  bf  ci 
poratiog  the  ■elucitm,— Kiiwu)  on  Miiural  IFmitri,  p.  Si. 

•  TroDunidorf,  Jn*.  A  CLim.  ii'313. 

\  ^toxtl't  Virviani,  p.  145.  }  BcTpUD,  t.  jU. 


difsolvei  its  oxide,  and  forms  with  it  a  saUne.  mass,    Oht4t.nL 
which  becomes  Mack  bj  exposure  to  the  air*«    Tar* 
tsuric  acid  does  not  occasion  a  precipitate  in  liquid  nitrate 
\        of  silver. 

Sp.  15.     Mellate  0/ Silver. 

MxLLlTXC  ACID  occasions  no  precipitate  in  nitrate  of 
silver  f. 

Sp.  W.     Citrate  of  Silver. 

Silver  is  not  attacked  hj  the  citric  acid ;  hut  its  ox« 
ide  combines  with  it,  and  forms  with  it  a  salt  insoluble 
,  in  water,  of  a  harsh  metallic  taste,  which  blackens  wheB 
exposed  to  the  light,  and  yields,  when  distilled,  acetic 
add,  while  the  silver  is  revived.  This  salt  is  decom* 
posed  by  nitric  acid*  According  to  Vauquelin,  to  whom 
we  are  indebted  for  these  facts,  it  is  composed  of 

80  acid 
64  oxide  of  silver 

loot 

^  Sp.  17.     Saecolate  of  Silver. 

^  I  &ACLACTIC  ACID  occasions  a  white  precipitate  wheA 

dropt  into  nitrate  of  silver  )• 

Sp.  18.      Malate  of  Silver. 
ScHEELE  ascertained,  that  malic  acid  occasions  a  pre- 


■*-»- 


*  WflDScrs  Vtrmamd.  p.  %i%,  f  Klaproth's  Batrage,  iii.  l.^f  * 

I  Fourcroy,  vii.  909.  {  Schccic,  ii.  80. 


160  SAits  or 

lTh1^"rr    ^P^^*®  "*  nitrate  of  silver.     But  the  nttnre  of  tbit  pr^s^' 
eipitate  has  not  been  examined  *• 

IV.  Metallic  Salts. 

Sp.  10.     jirseniate  of  Sihir. 
FofR  the  only  account  of  this  salt  hitherto  given  w( 


are  indebted  to  Scheele,  the  discoverer  of  arsenic 
This  acid  does  not  attack  silver  at  the  common  tempe- 
rature ;  but  when  the  two  bodies  ai^  heated  together 
pretty  strongly,  arsenic  is  sublimed^the  stiver  oitidized^^ 
andl  the  mixture  melts  into  a  transparent  glass.     Wntei^ 
carries  off  from  this  glass  arsenic  acid,  holding  lilTer  ia 
solottooy  and  leaves  a  brown  insoluble  powder^  whid^ 
IS  arseniate  of  silver.      When  this  sah  is  exposed  to  ml 
heat  sufficient  to  melt  the  silver,  that  metal  is  reduced.: 

llie  arseniate  of  silver  may  be  obtained  also  by  drop- 
ping arsenic  acid  into  a  solotion  of  silver  in  nitric  acid.* 
The  salt  precipitates  in  the  state  of  a  brown  powder. 
It  may  be  obtained  equally  by  using,  instead  of  arsenic 
acid,  the  alkaline  arseniatesf  • 

Scheele  has  observed,  that  a  mixture  of  arsenic  and 
muriatic  acids  oxidites  the  silver  in  a  digesting  heat,  and 
cooTcrts  it  into  muriate,  though  neither  of  these  acidf 
has  any  effect  on  it  separately.  During  the  proceu 
the  arsenic  acid  loses  its  oxygen,  and  is  converted  into' 
arsenic  t- 


•  (?rctt*i  Jnnah^  ii.  II.  Engl.TraniL  f  Schcck,  I  rd^/ 

t  Ibid.  p.  169. 


L  Sf>.  20.      Chromalt  of  Silver.  ' 

^HEN  chrotnate  of  pocaali  is  dropt  into  liquid  nitrate 
of  silver,  a  powder  precipitates  of  a  beautiful  crimson, 
which  becomes  purple  when  exposed  lo  ihe  action  of 
li|;t>l.  This  powder  is  chrooiatc  of  silver.  When  heal- 
ed, il  melts  and  becotnes  blackish.  Before  the  blow- 
pipe, when  exposed  lo  ihe  aeiion  of  the  blue  flimc  of 
ihc  candle,  it  acquires  a  green  colour,  and  the  silver  is 
reduced*. 

^.21.     Molyldate  of  SUvfT. 
Wben  molybdic  acid  is  added  to  a  nitrate  of  silvt 
while  ftaky  precipitate  falls  f, 


« 


V.  Triple  Salts  of  Silver. 
Sf>'  22-  Tarirait  i^ Potath-and-Sihtr. 
ThkxARD  has  shown,  that  when  tartar  is  poured  in^i 
Illiquid  nitrate  of  silver,  atriplesalt  isformed,  compo- 
s«3  of  tartaric  acid,  potash,  and  oxide  of  silver.  This 
ull  is  decomposed  by  the  al  kalies  and  their  carbonates, 
»nd  by  the  sulphates  and  muriates  1. 


Cenos  IV.  Salts  of  Mercurt. 


TliKRE  is  no  gcDUS  of  metallic  salts  which  has  been 
-.■bjtclcd  lo  a  longer  or  more  varied  examination  than 


*  Vauquelin. 


rBj^Bj.  Ihit.  Mercury  was  the  metalfrom  which  theilehyrilii 
"^  ■  conceived  the-  grtatest  hopfcsj-Bfid  wtiridith^  expOM 
to  e»«y  tKXWWe  torture  it)tiag  tbitir  rc>eiirc)KB:«ft 
^.philotQp^fiT.'s  ttOiWt  .ThftttUn>|l4«tw>ofi-n>V9«d 
nut*  into  iwdicine  oco«»i«M4;«  •r«*>njrL'Ht >»  TW< 
andabauaW.  »f(«t:thei)wn)iif«ii^:th«.«]pb)naiin)ii*i 
over.  Tbs  Lnpiintat  QtTeiiywfwfVcd  >;  thfh  IP4P>i 
upecially  in  cum  oftht.  yHWnii^  '  Jimam,  wifn  mii 
•«9  hjr.Bhyfiaifims  hut  «hf;«itp^t  with  wbic^.tiM 
■cled,  and  the  ravaf^e*  which  they  semetimei  sfK^:C 
the  conttttaiions  of  thole  who  used  them,  were  e^uaU 
♦isible.  The's«'-(feleteriods'''effeli  ^tnliascribed  to 
txrttiu  9crid  fomitbi»tgviti*h  »rw,  f  iippOit!4  to^^^Wt 
tute  a  component  part  of  nfn^vry* .' ;  The  -obiiveft'ii 
chemical  physicians  was  long  directed  toWarda'dtaci 
^ring  B  meltiod.  of  renioriQgfAf utn^ainr.  or  dettroj 
ing  thii  acrid  •omelhing,  withont  impairing  the  goo 
effects  of  the  AUisiM;...]Rp0B^*'>iima(ai»#reptn 
tiona  of  iner^urj.wliich  wcfc  one  after  another  inlri 
duced  into  |>Taetis«  i  some  of  which  have  in  z  grei 
measure  afiswe.red  the  purposes  for  which  they  were  in 
tended  )  while  tho  greater  number,  after  conliniiing  f> 
shionable  for  a  time,  have  gone  one  after  another  on 
of  use. 

Mercurial  salts  have  lately  engaged  the  ■ttention  o 
philosophical  chemists,  because^  fram  the  peculiar  n* 
tuTC  of  ihe  meta),  the  changes  which  take  place  durinj 
their  formation  are  more  easily  tr|iced.  To  them  wi 
are  indebted  for  the  discovery  of^the  composition  of  sol 
phuric  ac:d,  of  metallic  oxides,  and  for  the  first  deciuvi 
.proofs  of  the  non-cxi^ience  of  phlogiston  i  to  them  w< 
ov-e  the  di!>covery  of  ox^^cn  gas,  and  perhaps  alw  o 


MBRCUKT.  10^  1 

IKefcurlal  salts  are  distinguished  by  the  following    ch»p.  u^^ 
jjropcrlies 

1.  When  ttrongly  heaieif,  they  arc  voIaiiliKed  and  chvu 
dissipatrd  ;  and  traces    of  mercury  may    be  somelimci 
observed. 

■2.  Triple  pnissiateof  potash  oilime  occasions  a  whi- 
tish precipitate,  which  becomes  jellow  when  exposed  to 
the  air. 

3.  Hydrosulphuret  of  potash  occasions  a  black  preci- 
pitate. 

4.  Muriatic  acid,  when  poured  into  their. solution  in 
water,  often  occasions  a  white    precipiiaie. 

5-  Gallic  acid,  or  the  infusion  of  nuigaUs,  occasions 
an  orange-yellow  precipitate. 

6.  A  plate  of  copper  plunged  Into  a  liquid  mercurial 
salt  gradually  precipitates  running  mercury. 

There  arc  two  well  authenticated  oxides  of  mercury, 
^od  every  acid  seems  capable  of  combining  with  both. 
Of  course  every  species  is  divisible  into  two  varieties, 
^itinguished  by  the  simple  name,  and  by  prefixing  to 
it  the  epithet  oxygenized.  Many  of  these  varieties  are 
capable  of  existing  in  the  state  of  tub  and  luptr  salts. 
"This  gives  rise  to  another  set  of  varieties  still  more  nu- 
merous. 

The  oxides  of  mercury  are  thrown  down  from  their 
solatioD  in  acids  by  most  of  the  alkalies  and  alkaline 
niths,  hut  in  dl^erent  states.  When  lime  is  used, 
Proust  has  shown  that  a  poriion  of  ihe  acid  is  retained, 
uid  that  the  precipitate  combines  wlih  about  T^s'^p^tt 
hfits  weight  of  lime.  When  ammonia  is  used,  Bayen 
has  ssccnained  thatihe  precipitate  retains  a  considerable  ■ 
poitionof  that  alkali.  But  from  Berthollei's  experi- 
L  2 


DRMsanif 

'— v™^    ult  of  mercury  not  conuminalcd  with  tnj  dt'  OH  ^h- 

••■■'■'     ^JitttSag  body;  -  ■    '-''■'     ' 


I.      DSTOMAIIH«   Sa^II.    .... 

^.  I.    Nitrattd  idtrem-j. 

The  action  of  nitric  acid  on  mercury  has  been  lonj 
known  to  cheznists,  and  indeed  is  described  ininutcl^ 
even  by  the  alcbytnisli :  but  it  was  Bergman  who  firsi 
poimcd  out  the  difFcr'rDt  compounds  which  thsit  acid 
forms  with  the  mercurial  oxides*.  Tliese  are  two  it 
number  ;  namely,  the  nitrate  and  oxyniCrate  ;  the  lait  ol 
which  contains  mercury  oxidized  to  a  maximum.  Bol^ 
of  them  seem  capable  of  existing  with  an  excess  of  base 
and  an  excess  of  acid.  So  that  we  have  no  fewer  than 
six  varieties  of  nitiated  meicury. 

1.  Nitratt  of  Mercury.  When  nitric  acid  is  poured 
upon  mcicury,  au  effervescence  takes  place,  and  nitroui 
gas  IS  disengaged  ;  the  metal  is  gradually  oxidized,  and 
dissolved  in  that  portion  of  ihe  acid  which  remains  un- 
decomposed.  Nitric  acid,  without  the  asiislance  ot 
beat,  ii  capable  of  dtuolviog  almost  iti.  o^o  weight  of 
mercury,,  aod  the  lolutioD  it  coloarles^,  very  beary, 
an4  exceedingly  caustic.  It  tinges  the  sjcio  indelibly 
black,  and  gives  the  same  colour  to  almoat  all  aninuJ 
■ubatances.  By  spontaneous  evaporation  it  yields  trans. 
paieat  crystals,  composed  »i  two  four-sided  pyramida 


applied  bssc  to  base,  having  their  apexes  and  the  four  Ch«p.  n» 
»olid  angles  at  iheir  bases  truncated.  Tiiis  solution 
does  not  yield  a  jireciin'raie  tvh«n  waier  is  poured  into 
it,  and  the  crystals  of  mirate  of  mercury  are  soluble 
without  decomposiiion.  But  if  nitric  acid  be  boiled 
upoa  mercury  till  it  refuses  to  dissolve  any  more,  (he 
first  portion  is  oxidiEed  at  the  expence  of  ihe  acid,  ni- 
trous  gas  it  disengaged,  and  osyritrate  formed  ;  the  se- 
cond portion  is  oxidized  at  the  expence  of  the  oxide,  no 
gas  is  disengaged,  and  almost  the  whole  is  in  the  state 
of  nitrate  ;  but  ihc  acid  holds  a  mMrh  greater  proportion 
«f  oxide  in  solution  than  in  ihc  former  case.  ]f  water 
be  poured  into  this  solution,  the  &all  immediately  di- 
vides Itself  inio  two  portions:  The  first,  containing  an  _,  , 
excess  of  base,  falls  down  in  the  slate  of  a  white  insalu-  njirai 
ble  powder;  it  is  atiibaitrate  of  mercury  :  The  second, 
containing  an  excess  of  acid,  remains  in  solution  ;  itis 
a  luptrnitraU  of  mercury  *. 

Mr  Zaboada  has  shewn,  thai  if  mercury  be  dissolved 
in  dilute  nitric  acid  without  the  assistance  of  heal,  (he 
crystals  that  form  spontaneously  in  the  solution  (sup- 
posing some  running  mercury  present,  which  the  acid 
vas  incapable  of  dissolving)  consist  of  pure  niirate  of 
mercury  +. 

When  a  current  of  solphureied  hydrogen  gas  ia  pas- 
sed through  a  solution  of  nitrate  of  mercury,  the  oude 
is  gradually  reduced,  and  the  metal  separates  in  combi- 
Datioa  with  sulphur.     Nfuiiate  of  tin,  tvhen  mixed  with 


•  &e  BcTthoilct,  <Vb", 


the  solution  of  this  sail,   throws  down  the  base  in  tiif 
.    sttte  of  running  mercury  *. 

When  the  nitrate  of  mercury  is  placed  upon  burning 
eoalt,  ildetonites  feebly,  emitting  «  livelywhite  fiame. 
When  mixed  wiih  a  littk*  phosphorus,  and  strode  with 
a  hat  hammer,  it  detonates  violently,  and  the  mercnry 
is  reduced  f. 

•2.  OxynilrateofMrr£ury.  When  nitric  ncid  is  ni«de 
to  dissolve  mercury  wiih  the  assistance  of  heat,  it  acts 
with  mueli  more   energy,  a    much  greater  quantity   of 
nitrous  gas  is  emitted,  and  the  meial  combines  with  a 
greater  proportion  of  oxygen;    and   if  the  heal  be  con- 
tinued, it  passes  at  Uit  into  a  yellow  coloured  crystal- 
>  line  mass.     In  this  solution  the  acid    is  combined  with 
mercury  oxidized   nearly  to  a  maximum.     It  is  more 
acrid  than  the  first  solution ;  and  when  diluted  with  wa- 
tcr,  a  precipitate  appears,  consisting  of  the  salt  com-* 
bmcd  with  a  great  excess  of  base.     This   precipitate  iv~ 
white  if  the  solution  be  diluted  with  cold  water,  bu 
yellow  or  greenish-yellow  if  hot  water  be  used.     This* 
salt  is  capable,  like  the  nitrate,  of  existing  both  in  the' 
atate  of  a  superoxynitratc  and  s u bo xyni irate.    The  ^l>' 
low  precipiiaie  obtained  by  hot  water  is  in  fact  a  sub*' 
oxynilratc.     The  crystals  always  turn  blue  colours  red,' 
and  of  course  contain  an  excess  of  acid. 

The  yellow  coloured  precipitate  obtaioed  lirom  ihv 
•alt  by  hot  water  has  bten  called  mtmu  tmfttt.    Ac. 


•  Z*fcow!a,  lb>>i 


t  BncaudU,  X-.  Vt  CV>.  i 


MERCURY.-  I6t 

ccrding  to  tlic  analysis  of  Messrs  Braamcamp  and  Si-     Chap.  III.  , 
queira-OIiva,  it  is  composed  of  '      '" 

12  acid 

B9  peroxide 


When  a  current  of  sulphureled  hjdrogco  gas  is  p«3« 
«ed  through  a  solution  of  oxynitrale  of  mercury,  the 
saJt  is  gradually  converted  into  oitralc,  and  precipitates 
In  ihe  stale  of  a  white  powder,  which  is  a  combinatioa 
of  nitrate  of  tnercHry  and  sulphur.  Muriate  of  liii  like- 
■wse  reduces  the  base  to  the  state  of  proioside.  The 
protoxide  thus  formed  combiner  with  the  acid  of  lh« 
snariate  of  tin.  Hence  muriate  of  mercury  may  be  ob- 
taiaed  by  subliming  the  mixture  f. 

Sft.  3,  Hypfroxypijiriate  of  Mtrcury, 
This  singular  salt  was  discovered  by  Mr  Chenevix. 
When  oxymuriatic  acid  is  made  to  pa&s  through  water 
in  which  there  is  mixi:d  red  oxide  of  mercury,  the  ox- 
ide acqiiircs  a  dark  brown  colour,  and  part  of  it  is  dis- 
solved. By  evaporating  to  dryness,  a  salt  was  obtain- 
ed i  which,  as  usual,  was  a  mixture  ol  ihe  oxide  com- 
bined with  muriatic  and  hyperuxy muriatic  acid.  By 
(itefuUy  separating  the  last  formed  crystals,  Mr  Che- 
nevix  obtained  some  hypcroxy muriate,  whicli  he  puri- 
fied by  a  secoDd  crysr'Uiaaiion.  This  salt  is  soluble  in 
about  lour  parts  of  water.  When  sulphuric,  or  even 
weaker  acids,  are  poured  on  it,  hypcroxy  muriatic  aciU 


k 
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luSlilL'iir   '*  disengtged  in  the  usual  Waj.    The  other  piopenut 
of  this  salt  have  not  been  examined  *• 

IL      IVQOMBtJSTI3LE  SaLTS. 

Sp.  3,     Mwrtatid  Mwtury. 

The  compounds  formed  by  the  combination  of  mu* 
riatic  acid  with  the  oxides  of  mercury  baye^  on  account 
of  their  very  great  importance,  attracted  the  peculiar 
attention  of  chemical  philosophers*  Ther^  is  scaroelj 
a  single  writer  on  the  science  who  has  not  either  au 
tempted  to  v^irj  the  processes  for  making  them,  or  to 
^tacertain  their  properties,  or  to  explain  their  nature  and 
composition.  In  1769  Bergman  published  a  treatise  oa 
the  mercurial  muriates,  in  which  he  collected  the  more 
important  labours  of  his  predecessors,  and  gave  us  also 
bis  own  experiments  f  \  but  that  illustrious  philosopher 
failed  in  his  attempts  to  explain  the  cause  of  the  differ* 
ent  properties  exhibited  by  these  salts.  Itwaa  only 
af^r  the  discovery  of  the  oxymuriatic  acid,  and  of  the 
nature  of  the  difierent  oxides  of  mercury,  that  this  dif* 
ikult  problem  couM  receive  a  satisfactory  solution :  and 
for  the  tlrst  complete  solution  we  are  indebted  to  Ber«» 
thollct.  His  conclusions  have  been  decisively  confirm* 
ed  by  the  experiments  of  Chenevix. 

There  are  two  mercurial  muriates  |  one  of  them  is 
composed  of  muriatic  acid  and  mercury  combined  with 
a  maximum  of  oxygen  \  it  is  of  course  an  oxymuriat9  ,* 
the  cMlicr,  containing  mercury  oxidized  to  a  less  degree, 
!s  or.K-  a  -ti*';.!.'.  . 


mekcukt.  I4ft 

Alunatic  acid  has  no  action  whatever  upon  mercury  ;  Chap.  111. 
but  it  combines  very  rcadiljr  with  lis  oxides,  and  its  aE(i> 
rt'ity  for  these  bodies  is  so  sirong  ilial  it  separates  ihem 
from  the  sulphuric  and  nitric  acids.  It  will  be  proper 
first  to  describe  the  oxymuriate  of  mercury,  because  it 
U  UlUtlly  employed  in  the  manufacture  of  the  muriate. 

1.  Oxymuriale  nf  mercury.  Tliis  salt  is  usually  de-  Hlnsry, 
ftaminaled  eorroshe  lublimate,  or  corresive  muriate  of 
mfreury.  The  original  discoverer  of  it  is  unknown. 
It  is  mentioned  by  Avicenna,  who  died  before  the  mid- 
dle of  the  elerentli  century  ;  and  was  even  known  to 
Rhasics,  who  lived  in  the  century  before  him.  The 
Chinese  have  been  acquainted  wfith  it  also  for  s  long 
time  ".  The  alchymists  appear  all  to  have  been  ac- 
tjuainted  with  it,  and  to  have  reckoned  it  among  their 
Kcrets  ;  and  some  of  them,  Alberlus  Magnua  for  in- 
stance, de«cribe  it  with  a  good  deal  of  precision.  Berg- 
man has  enumerated  no  less  than  14  different  processes 
recommended  by  chemists  for  preparing  this  salt ;  and 
since  that  time  several  new  methods  have  been  propo- 


"The  process  most  commonly  followed  is  to  mix  toge-  ] 
gcthcf  equal  partsof  dry  oxyniirate  of  mercury,  decrcpi-  ' 
tated  common  salt,  and  calcined  sulphate  of  iron.  One- 
third  of  a  matrass  is  tilled  witii  this  mixture  ;  the  vessel 
is  placed  in  a  sand-bath,  and  gradually  healed  to  red- 
ness. When  the  apparatus  iscotd,  ozymuriaie  of  mer- 
cury is  found  sublimed  in  the  upper  part  of  the  matrass. 
The  theory  of  this  process  is  obvious.  The  heat  ex- 
}«Is  the  sulphuric  acid  from  the  sulphate,  which  in  its 
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turn  decomposes  the  common  salt,  and  leaves  the  mii« 
riatic  acid  at  libertj  to  act  upon  the  mercurial  oxjai* 
trate,  from  which  it  separates  the  oxide,  and  saUimes 
with  it  in  the  state  of  oxymuriate.  Another  process, 
first  proposed  by  Kunke),  is  to  expose,  in  a  similar  ves-> 
sel,  a  mixture  of  equal  parts  of  oxy sulphate  of  noer* 
cuty  and  dry  common  salt  to  a  strong  heat :  oxymuriate 
of  mercury  is  equally  sublimed.  It  may  be  formed 
likewise  by  passing  oxymuriatic  acid  into  a  solution  of 
nitrate  of  mercury,  and  evaporating  the  solution  till  the 
salt  crystallizes  *.  But  it  would  be  tiresome  and  use- 
less to  enumerate  all  the  different  processes.  By  far 
the  most  simple,  and  certainly  the  best  for  chemicU 
|nirposes,  is  to  dissolve  the  red  oxide  of  mercury  in  mn<^ 
riatic  acid.  The  solution  takes  place  readily,  and 
without  the  disengagement  of  any  gas;  and  the  salt  crya* 
talliaies  spontaneously  f, 

O^muriate  of  mercury,  when  obtained  by  sublima* 
tion,  is  in  the  ibrm  of  a  beautiful  white  semi-transpa* 
rent  mass,  composed  of  very  small  prismatic  needles. 
9y  evaporation,  it  yields  cubes  or  rhomboidal  prisms, 
or  more  commonly  quadrangular  prisms  with  their  sides 
alternately  narrower,  and  terminated  by  dihedral  sum- 
mits %.  Its  specific  gravity  is  5'1308  §•  Its  taste  is 
excessively  acrid  and  caustic,  and  it  leaves  for  a  long 
time  a  very  disagreeable  styptic  metallic  impression  on 
the  tongue.  When  swallowed,  it  is  one  of  the  most 
virulent  poisons  known,  producing  violent  pain,  nausea, 
and  vomiting,  and  corroding  in  a  very  short  tiioe  the 


«  Fourcroy,  y.  337.        f  BerthoUet,  Mm.  de  l^Lutit.  iii.  136U 
\  Bergman,  iv.  295.        {  HtitenfrttSi  Aim*  /« dim*  ulvu.  12. 
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ilomach  and  inteslines  '.  It  is  solu'olc  in  about  20  parts  CJup.  ID. 
of  cold  water.  Boiling  water,  according  to  Macquer, 
dissolves  balfiis  weiglit  of  ir.  According  to  WcnieJ, 
water  when  boiled  over  this  sail  dissolves  very  nearly 
\d  of  in  weight  of  it  f .  Alcohol,  according  to  Macquer, 
It  the  temperature  of  70",  dissolves  Jths  of  its  weight, 
and  100  parts  of  boiling  alcohol  dissolve  83  parlsof  it. 
It  is  not  altered  bycsposiire  to  the  air.  When  healed, 
it  sublimes  very  readily  ;  and  while  in  the  slate  of  va- 
poar,  it  is  exceedingly  dangcrciis  to  those  who  are 
obliged  to  breathe  il. 

It  a  soluble  in  sulphuric,  nitric,  and  muriatic  acids  ; 
amd  may  be  obtained  again  by  evaporation  unaltered. 
It  is  decomposed  by  the  fixed  alkalies,  aod  its  oxide 
-prvcipitated  of  a  yellow  colour,  which  soon  becomes 
brick-red.  This  decomposition  renders  oxymuriaie  of 
mercury  a  useful  test  for  ascenaiuing  the  presence  of 
alkalies  in  solotion.  If  liquid  oxymuriate  of  mercury 
be  dropt  into  a  solution  containing  the  smallest  portion 
of  alkali,  the  brick-red  precipitate  appears.  The  alka- 
line earths  also  decompose  this  salt,  and  ammonia  forms 
with  it  a  triple  compound.  Several  ofthc  metals,  orlheir 
nlphorets,  decompose  il  also  by  the  assistance  of  heat. 
This  is  the  case  in  particular  with  arsenic,  bismuth,  an- 
ttmony,  and  tin.  These  metals  are  oxidized  and  com. 
bined  with  muriatic  acid,  while  the  mercury  is  reduced, 
lai  combined  with  sulphur  if  it  be  present. 

The  constituents  of  this  salt  were  6rst  clearly  ascer- 
tained by  Mr  Cbeqevix.     Since  that  time  the  subject 
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n.  has  been  examined  by  Zaboada.  The  foUowbg  Table 
exhibiu  the  result  of  the  different  analjiea  bithert< 
made: 


« 

t 

t 

i    1 

Acid 

18 

18-5 

18*8 

19-5 

Peroxide 

82 

81-5 

81*2 

80-5 

ToUl 

100 

100 

200 

100 

HMtQfy% 


According  to  Chenevix^  the  oxide  contains  ab^nt 
17*6  of  oxygen;  but  Zaboada  has  rendered  it  proba. 
ble  that  the  proportion  of  oxygen  does  not  exceed  10 
p^  ani.  This  la$t  chemist  has  shown  that  100  grains 
of  oxymuriate  of  mercury,  when  reduced  by  means  of 
muriate  of  tin,  yield  71  grains  of  mercury.  According 
to  Cbenevixy  69*0  grains  of  mercury  yield  very  nearly 
100  grains  of  corrosive  sublimate ;  a  result  which  dif« 
fers  but  little  from  the  preceding.  According  to  Rose, 
100  parts  of  corrosive  sublimate  contain  74  of  mercury* 

2.  Muriate  of  mercury.  The  discoverer  of  this  im« 
portant  salt,  commonly  Icnown  in  this  country  by  th^ 
names  of  calomel  and  mercurius  dulcis,  is  altogether  on* 
known.  It  seems  to  have  been  prepared  by  the  alchy* 
mists;  yet  Grollius,  so  late  as  the  beginning  of  the 
ITili  century,  speaks  of  it  as  a  grand  secret  and  mys* 
tcry :  But  Beguin  made  the  process  public  in  1608  in 


•  O'lict.cvir.  f  Rose,  Gehlen*s  Jettr.  rl  %%, 
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hieinium  Chemicum,  in  whicti  he  describes  the  salt    Ch*fiUL 
under  the  name  oi  draco  mitigatus  *. 

The  processes  for  preparing  it,  which  are  numerous,  Pf*P»r»- 
Iiave  been  described  by  Bergman.  The  most  usual  is 
to  imurate  four  parts  of  osymuriate  of  mercury  wilh 
ihrec  pans  of  running  mercury  in  a  glass  mortar,  till 
the  mercury  is  iilled,  as  the  apothecaries  term  it ;  that 
is  to  say,  til!  no  globules  of  the  metal  can  be  perceived ; 
sod  the  whole  is  converted  into  a.  homogeneous  mass. 
This  mixture  is  put  into  a  matra'ss,  and  exposed  to  a 
sullicientheat  inasand  bath.  The  muriate  is  sublimed  ; 
mixed,  however,  usually  with  a  little  oxymoriatc,  which 
is  either  removed  by  repealed  sublimations  and  tritura- 
tions, or  by  washing  the  sail  well  with  waier. 

It  may  be  prepared  also  in  the  humid  way,  by  a  pro- 
cess first  suggested  by  Scheele,  but  lately  corrected  by 
Mr  Chenevix. 

Scheele's  method  Is  to  form  a  nitrate  of  mercury  by 
dissolving  as  much  mercury  as  possible  in  a  given  quan- 
tity of  boiling  nitric  acid.  A  quantity  of  common  salt, 
eqnal  to  half  the  weight  of  the  mercury  used,  is  then 
dissolved  in  boiling  water,  and  the  boiling  nitrate  is  cau- 
tiously poured  into  it.  A  white  precipitate  falls,  which 
is  to  be  edulcorated  with  water  till  ihe  liquid  coracs  off 
vitboui  any  taste,  and  ihen  dried  upon  a  filler  I . 

Wc  have  seen  formerly,  that  the  nitrate  of  mercury, 
formed  as  Scheele  prescribes,  contains  an  unub,ual  pro- 

Ttion  of  oxide.     When  water  it  added  to  its  solution. 


V  It  fcu  bom  kii<nrii  alio  by  >  ntiet;  of  other  nunct ;  tach  ai,  i« 
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ifa  fotin.ftided  priMMr  -termbflled  bj-fjrtmids.     tt  has    Qwi^nk 
Very  little  tast^,  is  iiot  poisonous,  but  only  tligbtlj  par& 
gttiVe.     Its  specific  grarity  is  7*1756  \     It  is  scarce- 
ij.solubley  requiring;  according  to  Rooellcy  1152  parts 
of  boiling  wat^r  to  dissolve;  It. 

When  exposed  to  the  air,  it  gradualijr  become^  deep^ 
ler  coloured.  When  rubbed  in  the  dark,  it  phosphor 
ttscefsy  as  Scheele  discovered.  A  stronger  heat  is  re* 
quired  to  sublitiie  it  than  is  necessary  toY  the  sublima- 
tion  bf  oxy muriate.  Ozy muriatic  acid  eomrcrta  it.iUto 
Qsymuriate  of  mercury  ;  and  the  same  dhang^  it  ptri^ 
dttoed  by  subliming  it  with  one  part  of  conUnoarwlt 
and  two  parts  of  sulphatb  of  iron.  Nitric  add  disadlvea 
it  rtadily^  and  much  nitrous*  gas  is  evblired^  as  BerAob) 
kt  has  ahowh,  and  the  salt  is  converted  into  osymnriatei^ 

Mr  Chenevix  employed  the  foUowing.mediod.taasv 
crrtun  the  composition  of  this  salt.    .He.di^soU)ea..ipib 
puts  of.it  in  hitrli;  acid,  and  preoipkated-  die  add  'hjr 
titrate  nfsilverfc:  The  precipitate  indicated  IVBr-Mw*: 
ristic  acid.     The  oxide  obtained  was  88  5.     Ziabeadif 
followed  nearly  the  same  plan.      The  pnddpitate,  by 
toeansbf  nitrate  of  silver,  indtcat^IO'fi  of  muriatic 
add.    Muriate  of  tin  threw  down  85!  graiat  of  pure 
mercury.    Hence  he  concluded  thaf Ibe  jotxtde  oootain- 
ed  5  per  cent,  of  oxygen.     Whereit  Gheaevix's  expe^ 
limeats  indicated  10^1  ptr  cettt.. of  9xygtn^^  Tbefpl* 
lowing  is  the  result  of  the  analyses  of  tbeae  Mb  che«.* 
mists  : 
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Acid 

10*0 

11-5 

Protoxide 

80-4 

88*5 

Total 

100 

100 

SalphMc 


Sf.  4.     Sulphated  Mercury. 

Ike  sction  of  sulphuric  acid  on  mercurj  bad  been 
by  chemists  in  the  very  infancy  of  the  science ; 
dM  phenomena  of  that  action  were  first  explained 
bf  Lavoisier  in  1777  %$  snd  the  different  compounds 
abiainfrl  were  first  examined  with  precision  by  Four* 
cfoy  in  ITPl  $•  Sulphuric,  like  other  acids^  combines 
with  two  oxides  of  mercury,  and  forms  a  sulphate  and 
mtpwifhiiU  i  and  each  of  these  is  capable  of  combining 
with,  an  excess  of  acid  and  of  base.  We  have  therefore 
DO  kss  than  six  varieties  at  least  of  sulphated  mercurvt. 
These  are. 


1.  Sulphate 
2*  Supersulphate 
S.  Subsulphate 
1*  Sulphau  of  Mercury , 


4.  Oxysulphate 

5.  Superoxysulphate 
C.  Suboxy sulphate* 

Sulphuric  acid  has  no  wc* 


tion  on  mercury  while  cold  \  but  when  heat  is  applied^ 
ati  effervescence  ensues,  and  sulphurous  acid  gas  is  emit- 
ted. This  indeed  is  the  method  usually  followed  for 
obuiniog  that  gas  in  a  state  of  purity.  At  the  same 
time  the  mercury  is  gradually  oxidized  and  converted 
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itewftis  ;  the  nnMri  of  lirhieh  diStob  «bcbifi-  ^?^^ 
5  plt>portibd  bf  tlid  ingr^ietits  afad  the  degree  -  .  -  - 
Dployed ;  (Mit  it  it  dsiitllj  a  mixttkrri  bf  Impef- 
andsuperoiysulphate.-  Sulphate  of  tiierfctirj 
fbrmed  byboilitig'Olwf  trieronr^  a  qaantitj  of 
acid  diluted  with  it«  o#n  ^reigtit  bf  water: 
le  snlphilrotu  add  gas  is  dtaefigaged  *;•  Bgr 
vpon^tion  this  salt  is  obtained  itt  lmaU(  pris^ 
stals«  It  i^  solublb  withottt  deeompositrdn^ia 
;  of  cold  watery  and  in  £81  pttrts  boiling  wtf* 
I  not  altered  bj  exposure' to  the  air  i  botheat 
es.it.  According  to  Fottrctoj,  itiscoaijpe^ 
wi.«*«;*;«..«.l2  acid  *   '     •• 

83oxide  of  oiereuti'  CompM 

.      boo*  ^ 

■  5  water  ^      .  •    J  ^ 


.;•  i 


100 


lies  and  Uifcic.water  predpitate  the  iMMifry  la 

of  black  oxide,  or  rather  subMpbate,  as  it  re- 

lall  portion  of  acid.     Sulphuric  acid  tombines 

nd  converts  it  into  sn persulphate  of  mercury  f* 

ist  variety  may  be  bbtaiiied  at  once.     If  snU  Sqpemdi 

id  be  boiled  on  mercury ,  and  the  process  be  ^    ^' 

liefore  the  whole  of  the  solphnrie  acid  it  e^a- 

m 

0  dfynessj  the  white  mass  obtained^  after  being 
ritb.a  little  watery  is  n^ersiUpkai€  ^f^^urimrj. 
.faas  an  acrid  taste,  it  reddens  vegetable  blnety- 
aotbecoitie  yellow*  when  exposed  to.  die  air. 
ttini  dt£ferent  proportioos  of  acid,  accbrdtog 
rooess^  its  iolobility  of  course  is  different. 


'"'^^ 


•  Berthollec,  Mem.  de  rimstit.  iu.  %^o. 
t  Foitfcrty,  Amm.  de  dim,  s.  199. 
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When  Ihe  excess  of  acid  amouoti  to  about  the  tw4 
of  in  weight,  ii  is  soluble  in  l^lptrtsof  cold  walir, 
tnd  in  «bou[  33  parts  of  boiling  water  *. 

2.  Oxytuiphati  of  Mtreury.  When  three  pans  of 
sulphuric  acid  »re  boiled  upon  two  parts  of  mercury, 
the  whole  19  gradunllj'  converted  into  tu persulphate.  If 
tile  heat  be  continued,  the  excess  of  acid  is  slowly  dr- 
compokcd,  stilpbutous  acid  gas  ia  disengaged,  the  met- 
cury  combines  with  an  additional  dose  of  oxygen,  anil 
there  remains  oxysulphaie  of  mercury.  This  salt  crys- 
tallixes  in  small  prisms.  Its  colour  is  «  dirty  white 
when  perfectly  neutral ;  but  when  obtained  at  once  in 
a  dry  mas?,  it  is  of  a  fine  white  colour,  aud  always  con- 
tains an  excess  of  acid.  It  undergoes  no  alteration  by 
being  exposed  to  the  air,  unless  it  has  been  allowed  to 
retain  an  excess  of  acid  ;  but  in  that  case  it  deliquesces. 
It  is  composed,  according  to  the  experiments  of  Mcsnr 
Braamcamp  and  Siqucira-Oliva,  of 
31-B  aciil 
fiS'S  peroxide 
4"4  water 


100-0  + 


4 

t  irtiOfJiatily 


When  water  is  poured  upon  this  salt,  it  it  int 
separated  into  two  portions ;  namely,  iuptroxym^batt 
and  juboxysuipbatt .-  Tlie  so peroxy sulphate,  with  agreat 
excess  of  acid,  is  dissolved  by  (he  water  ;  and  the  sub- 
oxysiilphate  remains  in  the  state  of  a  beautiful  yellow 
powder,  kitown  formerly  by  the  name  of  turptih  mmt- 
rml.     That  it  is  oxysulphaiewilh  anexecsa  of  base  was 


t  A-i.  A  aim.  liv.  taj^  1 


first  proved  by  Rouellc.    lit  ^pea6c  gravity  is  6'444  *.     Ctap.  m. 
It  it  aohible  in  2000  parts  of  cold  water,  and  in  SOO 
parts  of  boiling  walsr.     The  solution  is  colourless  f . 

The  oame  turpeth  mineral  seems  to  hmve  been  givco  Typf**' 
lo  tlHS  salt  by  Crollias,  who  boasted  of  its  OMdicinal 
viltneS)  but  kept  the  preparatron  n  secret.  Hie  attempt, 
li  ID  moderate  the  violent  aciion  of  this  snbslaice  by  a 
long  digestion,  bnt  withaui  socce&s.  The  process  for 
preparing  it  was  afterwards  mnde  public.  Kunkel  pub- 
lished a  set  of  cKperimenls  on  it  in  1700,  in  his  Laho- 
TOtorium  Cbymicum.  The  name  turpetb  was  no  doubt 
fivcB  fromraotne  resemblance  wJiich  it  was  supposed  to 
iiave  cither  in  its  colour  or  effects  to  the  root  of  ibr 
natoho/tu  ittrpttbum,  a  plant  fortncrly  used  in  mcd^ 
caic. 

According  to  the  espcrimeDtaof  (he  Portagueie  che- 
inists  above  quoted,  turpeth  miiiein/  is  composed  of 
^^^^  acid 

^^^Bj,  S4'7  peroxide  ;> 

^^^^(^^^  water  ■    .  s-t 


100-0 1 


Sp.  5.     PlotpiateJ  Mercury. 

PuesraoRtc  acid  does  not  act  on  mercury :   but  it 

combines  with  its  oxide,  and  forms  phosphate  of  mer' 

cury.     This  salt  is  formed  most  convenieatly  by  mix- 

iw  together  the  solutions  of  nitrate  of  mercury  and 

'  Aue  of  soda.     The  salt  itnmediately  precipitates 


■  Wttna*!  Ciimictt  Ejiayi, «.  6S, 
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in  the  state  of  3  white. powder.  This  salt  liu  beed 
.  lately  introduced  into  medicine,  an^  seem*  to  aniwer 
equally  well  with  the  other  mercorial  prepantioni.  It 
phosphoresces  when  rubbed  in  the  dark  i  and  when  di». 
tilled,  it  yields  phosphorus,  like  the  other  metallic  pbos. 
{diBtes.  It>  speciiic  grarity  is  'I'OSSS  '.  This  salt  i& 
in  bet  «a  elyphosphate  of  mertuty.      Its  constituenu 

•n 2«-5  acid 

71*5  peroxide 

.(..'T.  UM  -.  ,100-0  + 

" 'PhaifAiiid  Mtretay.  Messrs  firaatncamp  and  Si* 
qneira  have  shown,  that  phospburons  acid  decomposes 
id]  the  oxides  and  sails  of  mercury,  Hparating  the  ban 
in  the  metallic  stale.  Hence  it  is  not  probable  ibU 
fboifbitt  ofmtrctiry  can  exist  J. 

Sp.  6.     Carionalt  0/  Mtrcury, 

Carbonic  acid  does  not  attack  mercury,  but  it  aay 
Iw  combined  with  its  omim  ^j  pouring  an  alkaliae  ctu- 
honate  into  nitrate  of  merciUT^'  llie  precipitate  ia  that 
MK  is  a  white  powder^  conpoted,  according  to  Berg- 
ttan,  of. 00*9  mercury 

.:  Flupric  acid,  ha^  j^  accioa  on  inerqury.i'^iut  i( 


*  HincnTnli,  Ana.  di  Ctim.  nriii.  13. 

t  Brumcinip  ami  Siquilri,  An.  ii  CUm.  Mi.  is^, 

}  A«n.  A  CMm.  Ibid.  }  ttrgauo,  ii  Jjs. 


MEBCORT. 

combines  with  iti  oxide,  >nd  forms  s  white  insoluble 
fluaie  of  mercury  *.  The  same  salt  is  pTccipitated  when 
the  alkaline  fluGlcs  are  mixed  with  ihe  uitrUe  of  mer- 
cury, 

S^,  8.    Borate  of  M^ircury. 

BoKACIC  ACID  has  no  action  on  mercury ;  but  borate 
of  soda,  poured  into  a  solution  of  titat  meUl  in  nitric 
Kid,  occauons  a  precipitate  of  borate  of  mercury  in  the 
stare  of  a  yellow  powder,  fir^t  described  by  Moniiet. 
Its  specific  gravity  is  2-Z60  f. 


III.     Combustible  Salts. 

Sp.  9.     Acetatcd  Mercury. 

Acetic  acid  does  not  act  sensibly  on  ueccury  t  but 
it  dtssolves  its  oxides,  especially  when  hot.  The  first 
accurate  set  of  experiments  on  these  solutions  was  made 
by  Margraf,  who  procured  from  them  3  saltin  crysiaUl. 
With  the  protoxide  of  mercury  acetic  acid  forms  an 
acetate,  and  with  the  red  oxide  an  oxacetaie ;  salts 
which  were  first  properly  distingui  shed  from  each  other 
by  Mr  Proust  \. 

1.  Acetate  of  Mercury,  This  salt  may  be  fonoed  by 
dissolving  In  acetic  acid  the  precipitate  obtained  from 
nitrate  of  mercury  by  means  of  slkalies.  As  ibe  solu- 
tioa  cools,  thin  brilliant  plates  of  acetate  of  mercury 
•re  deposited,  resembling  boracic  acid.  It  may  be  pre- 
pared also  by  mixing  together  solutions  of  nitrate  of 
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mercury  aiul  acetUe  of  potash.  Lsrg«  fiat  crfMslttf 
acetate  of  mercury,  of  a  silvery  whiteness,  sooo  makl 
tbcir  appearance.  This  salt  has  an  acrid  taste,  is  inmik 
luble  in  alcohol,  and  scarcely  soluble  in  water.  In  i 
kalies  Jt  blackens.  The  proportion  of  the  conslituei 
of  this  salt  has  not  been  ascertained.  It  is  employed  U' 
medicine. 

2.  Oxacetate  of  Mtreury.     This  salt  is  obtaiued  hf^ 
ditsolviug  the  red  oxide  of  mercury  in  acetic  acid, 
docs  not  cryitaUrze  ;   but  when  evaporated   lo  drynei^! 
forms  a  yellow  mass,  which  soon  deliquesces.     It  dill 
solves  readily  in  alcohol ;  but  waier  divides  it  into 
salts,  a  suftroKttcttate,  which  remains  dissolved  in  tbi 
walefi  in  consequence  of  its  great  exctit  of  acid  ;  and  ■ 
luboxaettatt,  in  the  same  state  of  a  yellow  powder,  toJ 
•oluble  in  water.     When  th«  Bolution  of  nA  Mctd*  d) 
mercury  tn  acetic  acid  is  heated,   some  crystals  of  ao 
tale  are  obtained  ;  because  a  part  of  the  oxygen  of  ll 
oside  is  scparaled  at  the  expcnce  of  the  arid,  a  porttt 
©f  which  is  decomposed  *. 

Sf.  10.      Succinait  of  Mtreury. 

Wrek  succinic  acid  is  digested  with  the  oxide  Q^ 
nercury,  it  forms  with  it  a  shapeless  massconuiiui 
tome  crystals,  and  aolsbJe  in  water ;  from  which  il 
oxide  is  preciptMted  by  alkalies  and  hydrosulpbureti-lfl 

S^  11.     Btnt-QOtt  of  Mtreury, 

Benzoic  acid  dissolves  the  oxide  of  mercury,  : 


*  FrauK,  Jfr.  il  Piy.  Ul.  loj. 
f  V^cntd')  VritMn^litta/l,  1 .  145. 


••wiUt  It  a  white  powder,  not  altered  by  exposure  Ctii]i.  ItL 
TO  the  air.  It  is  insoluble  in  water,  and  very  sparingtjr 
soluble  in  alcohol.  A  tnoderaie  heat  sublimes  this 
»]t.  and  a  strong  heat  decomposes  it.  It  is  decompo. 
sod  \>f  lime,  by  sulphuric  scid  and  ipuriatic  acids,  and  hy 
sulphur  '. 

Sj>.  12.     Oxalate  of  Afercur^-. 

OzAUC  ACID  does  not  act  on  mercury  i  but  it  dis. 
^o1t«i  its  oxide,  and  forms  with  it  an  oxalate  in  the  state 
i>(  a  white  powder,  scarcely  soluble  in  water.  When 
(iposed  10  the  light,  it  very  soon  becomes  black.  The 
sime  salt  is  precipitated  when  oxalic  acid  is  poured  in- 
to the  sulphate  or  nitrate  of  mercury  + .  Klaprolh  Urst 
dimvered  that  this  salt  has  the  property  oi  detonating 
when  heated  X  ■  the  same  observation  waj  alteiwarda 
made  by  V'ou  Packen  \.  Howard's  fulminming  powde( 
caonits  partly  of  this  salt. 

Sf.  13.     McUale  of  Mercury. 
MBU.ITIO  ACID  occasions  a  white  precipitate  in  ni- 
ttm  of  mereury,  which  is  tedissoLved  on  the  addition 
of  nitric  add  H . 

Sp.  14.      Tartrate  of  Mtrcmy. 

Taxtaric  acid  does  not  attack  mercury  ;  but  it 
dinerlves  its  protoxide,  and  forms  with  it  an  insoluble 
vhitcsall,  which  soon   becomes  yellow  when  exposed 
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acid  is  pound  into  nitnre  of  mcrcary.        ' 

Sfi,  15.     CiUaUo/Mp-aay. 

This  salt  has  been  examined  b^  Vauquelin.  Gt 
acid  does  not  at'aclc  mercury  ;  but  wbcn  poured  up 
its  red  oxide,  an  effcTvcscence  lakes  pJace,  and  the  < 
idc  becomes  white  and  unites  into  one  mass.  The 
tnxe  ihns  Formed  has  a  mercurial  isste,  but  is  scartt 
soluble  in  water.  Nitric  acid  decomposes  il.  Wt 
distiUrd,  there  comes  over  acetic  and  carbonic  »A 
and  the  mercury  is  reduced  *. 

WSEtrt«dicric<KM'iir«»)ieMitfi<>«Infptifile«iM 
ofinercnry^  «  white  ptttx^vt  tfpwrt  t,  ■  '■■  ''•■"'  " 

•■■■■■■  ..:-,.'        -ll     „ 

Sp.  18.  Pruuiati  of^trany.  .  ,  , 
This  salt,  which  wat  first foriaed  by  Scheelt^uco 
posed  of  the  prusiic  acid  combined  with  the  red  ox 
pi  mercury.  It  piay  be  fbrroed  by  boiling  ihe  Tc4.'< 
ide  <4  mercury  with  prosiian  blue.  Jt  crystallitei 
tetrahedral  prisms,  terminated  by  qnadiangolmr.py 
mids,  the  sides  of  which  correspond  with  the  uglet 
the  prism.     Its  specific  gravity  is  2''l(^I2t> 

This  f«lt  is  capable  of  combiaing  with  mlphori*  i 
muriatic  acids,  and  forming  triple  salts,  which  havei 
yet  been  examined  j. 


t  Pchctic,  ii.  Bo.  md  Crtll'i  Ai 
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IV.   Metallic  Salti« 

Sp.  19.     Arsmiaie  of  Mirckry. 

Whsx  artenic  licid  and  mercury  are  heated  in  a  ifb- 
tortt  wtiite  oxide  of  anenic,  mercurjr,  «id  oxide  of  tBixt^ 
cuiy  of  a  yellow  Qoloiiry  are  driven  over,  and  thef e  re- 
piains  a  Y^ow«colonred  insoluble  mass,  eoiuistiflg  of 
axieniale  of  mereurj.  The  same  salt,  is  precipitated' tn 
the  form  of  a  yellow  powder  when  arsenic  acid  in  ^iir-» 
cd  into  the  Uquid  nitrate  or  sulphate  of  mercory  f*  ' 

/i 

Sp.  20.     Moljbdate of  Mtrcmy.   .    .  .     ,.:\i 

MoLTBDic  ACID  precipitates  mercnry  from  tiitric 
acid  in  the  form  of  a  white  flaky  powder): ;  but.  it 
occasions  no  precipitate  in  the  solution  of  oxymuriatc 
of  mercury  f . 

Sp.  21.     T^ngstate  of  Mercury. 

TuKGSTic  ACID  fohns  with  the  oxid^  of  mercnry  an 
insoluble  powder,  which  has  not  been  examined. 

^.  22-     Chrotnate  of  Mercury. 

This  salt  may  be  formed  by  mixing^  together  t]tf^.ao» 
lations  of  an  alkaline  chromate  and  a  ipercurial  nitcale* 
)t  is  an  insoluble  powder  of  a  fine  purple  colour  |{.  . 


Chs^nL 

^1   ■■  M  > 


f  Bergman,  ii.  391.  %  Hatcbett. 

j  Schcele,i.347*  |  Vauquelin.    «,^ 


y.    Turu  Salts. 

Sf.  53.     KUroxymariate  of  Mfraa-y-tmd-Soda. 

This  triple,  or  rather  quadruple  salt,  was  lint  noticed 
bj  Mr  Benbollet.  When  a  solution  of  mariate  of  loda 
is  poured  raio  oxyniirate  of  mercury  diluied  with  water, 
scarceljr  any  precipitate  appears ;  but  by  proper  evapo- 
ratioa  ibombotdal  crystals  are  obtained,  whose  &ces 
are  channelled.  These,  according  to  Benhollet,  are 
compoied  of  nitrate  of  soda  and  oxymuriale  of  mercury. 
When  heated  in  a  crucible,  oxytniiriate  of  mercury  su- 
blimes, and  nitrate  of  soda  with  a  little  muriatic  acid 
reouuns  behind  *. 

Sp.  34-     Oxyrmtriatt  of  Soda-tutd-MfTcury , 
When  four  pant  of  oicytnuriate  of  mercury  and  oas 
part  of  murine  of  soda  are  mixed,  they  form  ■  tripl« 
salt  more  soluble  than  corrosive  aubltfflaicf. 


Sp.  35.  Saboxytauriate  bj ^nanonia.and-Mercury. 
WaEW  ammonia  is  poured  into  a  solution  of  oxyimt- 
riate  of  mercury,  a  while  precipitate  falls,  consisting  of 
the  oxymuriale  of  mercury-and- ammonia  with  excess 
of  base.  It  has  a  taste  at  first  earthy,  afterwards  me- 
lalltc.  It  is  scarcely  aoluble  in  water.  According  t« 
Fourcray,  it  k  coatposed  of 

IS  acid 
8L  oxide 
3  ammonia 


•  Mm.i.e  VaUJ.'i 


PAIXADIVM. 

SolpbuTic  and  nitric  acidt  decompoie  it,  and 
.  t  into  oxjniuriate  of  mercury  and  sulphsle  of  ainino- 
arft-and-BQcrcory,  or  nitr&te  of  aMmooia-and-iDercury, 
according  10  the  acid.  The  iddilion  of  muriatic  acid 
rcnden  it  soluble  in  water  *.  In  this  last  state  'it  has 
been  long  known  by  the  names  of  saialcmbratb  and  salt 
o/wiidom.  It  was  formed  by  dissolving  oxymumte 
of  mercury  in  a  solution  of  sal  ammoniac  in  water,  or 
l>y  tabliraing  th«  two  salts  together.  When  potash  is 
poured  into  this  solution,  a  precipitate  falls,  which  su« 
Mimes  in  the  state  of  calomel  f. 

Sp.  26.     Tartrate  of  Potash-and-Metfury. 

Tbis  salt,  first  describrd  by  Moonet,  may  be  formed 
by  bmling  in  water  six  parts  of  tartar  and  one  part  of 
oxide  of  mercury.  The  liquid,  when  evaporated,  yieldf 
amaU  crystals  oftartroie  of  pocath-and  mercury.  The- 
nard  has  ucertained,  that  the  same  triple  salt  may  be 
formed  by  mixing  logelher  the  solutions  of  tartar  and 
mercurial  nitrste.  This  salt  is  decomposed  by  the  al. 
Calics,  tbeaOcaline  carbonates,  the  hydrosulphiirets,thc 
mlpbatn,  and  the  muriates  %. 


GiHtrs  V.     Salts  of  Palladium. 

PaLLAdioh  haa  been  so  recently  discovered,  and  is 
so  scnce  and  diflicuh  to  procure  in  a  state  of  purity, 
tbst  an  exact  knowledge  of  the  salts  which  it  forms 
cairaot  be  expected.  To  Dr  Wollasion  and  Mr  Che. 
\ttw\x.  w«  m  indebted  for  ail  the  ficu  rcapccting  them 
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hitMto  paKiAsi.   They  «y  be liai^iii i  Vf  Urn 

f  Jbwiiig  properties: 

1*  Thtj  are  aimon  all  ia»J«Wf  m 
ookcr  of  the  sofaidoo  is  a  ioe  red. 

2.  Proniate  of  poash  ocraiioni  aa  elivc^ 
£rtj  jcllowish  brovn  prcdpitate. 

3.  Uydrosalphoret  of  potaah  omiTeoi  a  yarilrhh 
PfowB  precipitate. 

4.  The  alkafies  oocaaioQ  aa  ora^e-colon^  picci- 
phaie. 

5.  Mercnrjandsaiphateof  iroa  throw  down  die  paL 
ladiom  ID  the  metallic  sutc. 

e.  Muriate  of  tin  renders  tbe  solution  opaqpK  bj 
UHDwing  down  a  brown  predpitaie ;  bntif  .the  aolntioo 
be  nficientlj  dilated,  it  assumes  a  fine  coNtaU  giecn 
colour. 

Neither  nitrate  of  potash  nor  sal  aoniMiniac 
aoy  predpiute. 


5/>.  1.     Kiirate  of  PaOaSm 

Wbu  pall,  diom  is  put  into  a  strong  coloorle^  nitric 
acid,  the  liquid  graduallj  acquires  a  red  oolonr^  bat 
the  action  of  the  acid  is  extremelj  slow,  no  nitrons  gas 
whatever  being  extricated.     This  fact,  hitherto  unique 
la  the  history  of  the  action  of  metals  on  nitric  acid,  ex— ^ 
plains  in  some  measure  the  slowness  of  the  action  o^ 
the  acid ;  and  that  circulation  of  the  flaid  which 
place  during  the  solution  of  other  metals,  is  wantin 
When  :the.  acid  contains  nitrous  gas  the  action  is 
rapid  *•  -  Toe  nitrate  of  palladiump  dius  formed^  is  o 
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dttrk  red  colour  \  by  cvHporation  it  yields  a  red  matter,    Chip.  111.^ 
wkidi  it  probably  in  the  state  of  a  siibnitrsie. 

-,      _  Sj>.  2.     Muriate  of  Paliadiam. 

"^HflTRTATn!  ACro  acts  slowly  upon  palladtimi  nben 
Mttiatcd  by  heat,  and  aisumes  a  fine  red  coloar  ;  but  iHl 
trae  solvent  of  this  meral  is  nitro-nmriatic  acid,  which 
atiacki  it  witli  gt-eat  violence,  and  forms  a  beautifu]  red 
sblutioa*.  The  properties  of  the  salt  thus  formed  have 
DM  been  examined. 

Sp.  3.     Sulphate  of  Palladium. 

SoLPRtntiO  AcrD  boiled  upon  palladium  acquires  K 
kaaiiful  red  colour,  and  dissolves  a  portion  of  the  sub' 
■tBnce  ;  but  the  action  of  this  acid  is  not  very  power- 
All  f .  Tlie  properiies  of  the  mlphaie  ihas  formed  htrf 
Kot  been  exainined. 

Sf.  4.     Muriatt  of  Palladium-and-Soda. 

"WllEN  a  solution  of  common  salt  or  of  soda  is  potir- 
«d  inio  muriate  of  palladium,  no  precipitate  is  separa- 
VcH,  and  by  evaporation  a  triple  salt  is  obtained,  which 
is  soda-muriate  of  palladium.  This  salt  deliquesces 
wbcn  cXpOKd  to  the  air,  a  property  which  sufficiently 
^iaiioguUhM  it  from  sodiuniuriate  of  platinum ;  foe  Jhia 
It  rptim  permanent  crystals  :t- 

5.     Muriatt  of  PalladtBm-and-Puaih. 

nitrate  of  potash  is  dissolved  in  muriatic  acid. 


e*h  *■  Ptii-.a.m.  PHI.  Tr.»i.  1E03.         t  Chconit,  Ibid. 
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1.  •  .  -^a^  lucii  acts  readily  upoa  psdladium, 

saeai ;  because  the  muriate  of  plati^ 

£  scarcely  soluble  in  water,  whereas 

sfadma.and  potash  is  remarkable  for 

Tom  preportion  which  Dr  WoUaaCon, 

ladehced  for  the  {discovery  found  to 

M 

i«e  parts  of  add  diluted  with  its  balk 

pat  of  nitre.    The  eolation  of  palla- 

iHiich  is  of  a  deep  red^  by  evapota- 

of  muriate  of  patladium-and-poCaah* 

zr  "TTT  soluble  in  water,  but  insoluble  in  aico- 

TzKT  m  in  the  form  of  four-sided  prisms,  and 

s  oanaoa  contrast  of  colour.     When  viewed 

ctiey  arc  of  a  bright  green ;  but  when  view* 

-A  a  .ae  niecnon  of  their  axes,  their  colour  is  the  same 

4 .3as  jc  die  solntion :  on  account  of  its  extreme  in- 

saffc^.  TQwereTp  this  colour  is  with  difficulty  distia- 

^tusoeu   n  ngments  that  exceed  rs^th  of  an  inch  in 

atcsjw*^-     When  the  crystal  is  viewed  obliquely  it  is 

•1  A  ouil  irowa,  arising  from  a  mixture  of  the  red  and 


itf.  <f .     Mtiriatt  of  Palladium-and' Ammonia. 

Tf3  T-pIe  salt,  like  the  last  species,  is  very  soluble 
n  -¥^:er.  which  distinguishes  it  sufficiently  from  the 
t:ur:iir  c:  p!atinum-atid-ammonia.  Hence  palladium 
^  u*r  rsr^vni  down  from  its  solutions  by  sal-ammoniac. 
T!:>i  Ai:,  according  to  Dr  Wollaston,  resembles  the 
*-c  v-x-ris  in  every  respect. 


•  WoUafCon  on  a  New  Metal  fi«i  Cnde  Plutat. 


Sfi.  7.     PrustitUe  of  Pe&i£itm.  ' 

Wm£K  pTU»iate  of  incrciif  J  is  pouted  inio  any  nea- 
tnl  solution  conuining  palUdiun,  a  flocculent  precipi- 
tate of  K  pale  yellow  colour  is  graduallj'  thrown  down. 
Tikis  precipitate  is  pnissialc  of  palladium.  It  is  insfl- 
luble  in  water,  and  differs  somewhat  in  its  properties  in 
differait  circumstances.  In  general,  it  is  aSccied  bj 
hexi,  like  other  prussiates  ;  but  when  the  palladium  hss 
beeti  dissolved  in  nitric  acid,  and  precipitated  from  such 
B  aeulral  solution  by  prussi  ate  of  mercirry,  the  preci- 
pitate thus  fonncd  has  the  property  of  detonating  when 
faeated.  The  noise  is  similar  to  that  occasioned  by  fi- 
ring an  equal  quantity  of  gunpowder,  and  accordingly 
tbe  explosion  is  attended  with  no  marks  of  violence  un- 
less occasioned  by  dose  confinement.  The  heat  requi- 
^te  for  the  purpose  is  barely  suiTicient  to  melt  bismuth. 
The  light  produced  is  feeble,  and  can  be  seen  only  in 
fbe  abscnoe  of  all  otbn  light  *. 


Gehds  VI.     Salts  or  Rhodidm. 

Tbe  properties  of  the  salts  beIor;ginf  to  thia  {enus 
are  too  imperfectly  known  to  admit  of  a  detailed  de- 
scription. DrWoUaston  alone  has  examined  them,  and 
only  so  far  as  to  show  that  their  base  is  the  oxide  of  a 
peculiar  metal.  They  i&ay  be  distinguished  by  the 
following  properties : 

1.  The  solution  of  them  in  water  is  red. 
k  pRtsaitle  of  potash  occasions  no  pivmpitBte. 


>c  DlKOvtrr  of  Pin»dliim. 
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'BMkIL         3.  Neither  is  anj  predpiute  produced  by  hyditsnl- 
phnret  of  potash. 

4.  Neither  sal  ammoniac  nor  the  alkaline  carbonates 
occasion  anj  precipitate  ;  but  the  pure  alkalies  throw 
down  a  jellow  powder  soluble  in  an  excess  of  alkali. 

Sp*  1.     Nitrate  of  Rhodium, 

Tqjb  oxide  of  rhodium  dissolved  in  nitric  add  forms 
ft  red  solution  which  does  not  crystallize. 

Sf.  2.     Muriate  of  Rhodium. 

The  oxide  of  rhodium  forms  a  rose-coloured  solution 
'  in  muriatic  acid.     It  does  not  crystallize,  but  the  resi- 
duum is  soluble  in  alcohol.    Sal  ammoniac^  nitre,  and 
common  salt,  cause  no  precipitation,  but  form  triple 
salts  which  are  insoluble  in  alcohol. 

Sp.  3.     Soda^Muriate  of  Rhodium. 

This  triple  salt,  which  has  the  taste  of  sulphate  of 
soda,  forms  rhomboidal  crystals,  of  which  the  acute  an- 
gle is  about  75^«  They  have  a  very  dark  red  colour, 
are  not  altered  by  exposure  to  the  air.  They  dissolve 
readily  in  li  part  of  water,  but  not  in  alcohol. 

Gj^KUs  VII.    Salts  or  iRtDnm. 

This  genus  of  salts  is  still  less  known  than  the  for- 
oier.  We  are  indebted  to  the  French  chemists,  and  to 
Mr  Tennant,  for  all  the  facts  hitherto  detailed. 

1 .  The  salts  of  iridium  appear  to  be  soluble  iu  wa« 
ter,  and  to  have  a  colour  at  first  green,  but  which 
changes  to  red  by  concentrating  the  solution  in  an  open 
Tsssal.  "  V.  . 


IRIDIUU.  li)^ 

(either  prussiate  of  potash  nor  the  infusion  of    Ch»p.  la 
lulgatls  occasions  an;  precipiute )  bui  both  render  the 
iolndon  colourless. 

2.  They  appear  to  be  partially  pTccipitated  by  sal- 
■mmoniac  -,  since  DescotiU  has  shonrn  that  the  red  co- 
lour which  the  muriate  of  plat inum-aiid- ammonia  some- 
limes  assumes,  is  to  be  ascribed  to  the  presence  of  in> 
iium. 

The  only  sail  of  iridium  hitherto  examined  is  the 
muriate.  The  solution  of  iridium  in  muriatic  acid  b^ 
slow  evaporation  yielded  an  imperfectly  crystallized 
mass,  which  being  dried  on  bloating  paper  and  redis- 
solved,  formed  by  evaporation  octahedral  crv'tals  of  a 
red  colour.  These  crystals  dissolved  in  water,  and 
farmed  a  deep  red  solution  inclining  to  orange. 


Gemos  VIII.     Salts  op  Osmiom. 

This  genus  of  salts  is  entirely  unknown,  ti  has  not 
been  even  proved  that  the  oxide  of  usmium  has  the  pro- 
perty of  combining  wiih  acids.  It  seems  more  inclined 
to  unite  with  alkaline  and  e»rthy  b^se^,  and  t'om  its 
Kilubllity  in  water,  and  other  properties^  obviously  ap> 
preaches  in  its  nature  to  an  acid. 

No  acid  hitherto  iried,  not  even  the  nitTo<tniiriatic, 
Jl^w  effect  upon  osmium  in  the  meiaUic  state. 


! 


Genijs  IX.    Salts  or  Copkr. 

TntsE  Silts,   in  consequence  of  the  facility  with 

which  copper   absoihs  oxygen,   are  in   general  more 

mily  formed,  and  of  course  may  be  more  teadily  ex- 

imincd  than  the  preceding  genera.  Hence  no  doubt 


SALts  or  1 

the  reason  that  some  of  them  have  been  so  long  knovfa 
and  so  generally  employed.  The  alchymists  and  the 
earlier  chemists  dii>tiiigui^hcd  them  by  the  tiame  oiialti 
of  P^enuj,  because  Venus  was  ihe  term  wh  ich  they  gave 
to  copper.  They  are  the  chss  of  metali  ^  salts  with 
the  composilion  of  which  we  are  at  present  best  ac- 
quainted, in  consequence  of  the  accurate  analysis  to 
which  they  have  been  subjected  by  the  celebrated 
Prou<ii  *,  and  the  important  additiaos  lately  made  to 
that  analysis  by  Mr  Chene*:x  f . 

The  cupreous  salts  may  be  distinguished  by  the  fol- 
lowinjr  properties  ; 

1.  They  arc  slmosi  all  soluble  in  water,  or  at  leaat  ^ 
become  so  by  the  addition  ot  an  acid.  This  solnttoa  _^ 
has  cither  a  blue  or  a  green  colour,  or  it  acquif-s  :hat-^M 
colour  after  being  im  some  time  cicpuscd  to  the  n'l. 

2.  When  ammonia  is  poured  into  this  solution,  it  as-- 
sumes  a  deep  blue  colour. 

3.  Triple  prussiate  of  potash  occasions  a  grtenish— 
yellow  precipitate  when  poured  into  a  cupfeoii»  solti— ■ 
tion, 

4.  Hydrosulphuret  of  potash  occasions  a  black  preet 
pilste. 

'5>  Gallic  aci<l  occssitriii  a  brown  precipitate- 
e.  A  plate  of  iron,  when  plunged  into  a  liqaid  sal^ 
6f  copper,  precipitates  the  copper  in  ttie  metallic  st«te^ 
Almost  all  the  acids,  ai  far  as  is  known,  combine  oQ-» 
1y  with  copper  oxidized  to  a  maximum  ;  so  tJiat,  Mrict^- 
ly  speaking,  all  thesaltsof  copper  are  oXygenizrd.  To 
this  general  rule,  however,  there  is  one  exception  i  the 


^^KtUi 


itic  acid  combines  wiih  bolh  oxicles  of  this  metal,    Q"f '  ^ 
so  that  there  ia  both  a  muriate  and  an  oxf  muriate  of 
copper.     It  can  scarcely  be  doubted,  that  simlar  salti 
will  be  ditcovered  composed  of  the  other  aoids  and  prot- 
axide  of  copper. 

I.  Detomatiko  Salxs. 
Sp.  I.  Nitrate  of  Coffin-. 
Nitric  ac;d  attacks  copper  with  considerable  vio- 
lence ;  nitrous  gas  is  emitted  in  great  purity,  while  the 
metal  is  oxidized  and  dissolved.  The  solution  is  of  a 
fine  blue  colour  ;  and  wheu  slowly  evaporated  fields 
regular  crystals  of  nitrate  of  copper. 

These  crystals  are  long  parallelepipeds.     Their  spe-   1 
eific  gravity  is  2"n4'.    They  have  a  fine  blue  coluur  ; 
their  taste  is  acrid  and  metallic  ;  and  they  arc  exceed- 
ingly caustic,  corroding  the  skJn   with  great  energy. 
Thej  are  very  soluble  in  water ;  and  when  exposed  to 
the  air,  gradually  attract  moisture,  and  deliquesce.     At 
a,  beat  not  exceeding  lOo"  they  undergo  the  watery  fu- 
&ioQ  i  and  if  the  heat  be  increased,  ihcy  lose  their  wa- 
Cer  and  part  of  their  actd.      On  burning  coals  they  de- 
tonate feebly.     These  crystals  detonate  also  when  mix- 
^£d  with   phosphorus  and  struck   with  a   hammcT,  as 
Smgnalelli  first  observed.      When  a  quantity  of  them, 
^Doisicned  with  water,  U  wrapt  up  in  a  sheet  of  tinloil, 
they  act  with  amazing  energy  upon  that  metal,  nitrous 
gas  is  emitted,  a  strong  heat  is  produced,  the  tinfoil  is 
"^ursl  open  in  every  direction,  and  very  often  it  takes 
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tire.     Thit  curious  cxperime-nt  was  &rit  made  b;  Dt 
Higgins  ". 

When  pounh  is  poured  into  a  Ktlution  of  n!tnte  of 
copper,  a  blue  precipitate  appears,  whtcli  toonbecomn 
green  by  agitation,  provided  the  quantity  of  poiafth  be 
insutlicient  lo  decompose  itie  whole  of  the  nitrate.     Mr 
Proust  has  proved,  that  this  green  precipitate  is  a  mi- 
nitrate  of  copper.     It  may  be  obtained  also  by  distilling 
nilrate  of  copper  in  a  retort.      At  a  particular  period  of 
lUis  process  itie  lalt  becomes  thick,  and  cncmsU  the  re- 
tort in  ihc  state  of  a  green  lamellar  concretion.      Jt  is     ,s 
then  converted  into  subnitratc.      This  salt  is  completely    ^— 
insoluble  in  water.     Sulphuric  acid  separates  its  acid  i    ^^ 
and  the  same  separation  niay  be  eifecled  also  by  diit'l 
lation.     Accoi'ding  lo  Fruust,  it  is  composed  of 
16  acid 

t-U.^  07  oxide 

.•V,*'-  n  water 

ioot 

Nitric  acid  does  not  seem  to  combine  with  protoxid^^ 
of  copper.     When  concentrated,  it  oxidizes  the  metaSi 
to  a  maximum,  and  iheu  dissolves  it ;   when    diluted,^ 
one  part  of  the  meial  attracts    oxygen  from  the  other    = 
Blue  nitrate  is  formed,  and  a  red  powder  precipitates^ 
wbich  is  copper  reduced  %, 

Sp.  2.     MyptraayfTturiate  of  Copper. 

When  a  current  of  oxymuriatic  acid  gai  is  posted 
through  the  oxide  of  copper  suspended  in  water,  tbt  («• 
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adc  is  speedily  dissoTvcd  :   But  Mr  Climevix,  to  whom    Chip.  nt. 
TTc  tre  indebted   for  this  experiment,  has  not  examined 
the  propenies  of  the  hyperoxytnuriatc  which  is  formed 
during  the  process. 

IT.  Ikcombustible  Salts. 
S/>.  3.  Muriated  Copper. 
MDRlATtC  ACID,  while  cold,  does  not  act  on  copper 
inclose  vessels,  though  in  an  open  vessel  il  gradually 
corrodes  snd  dissolves  il.  When  heated  it  teadily  oxi- 
dizes sad  dissolves  the  metal,  while  at  the  same  time 
hjdrogen  gas  li  evolved,  and  part  of  the  acid  volalili- 
ted.  B/  this  process  ibc  copper  is  oxidized  to  a  maKi- 
tnuin.  But  niuiiatic  acid  is  also  Lupable  of  combiniog 
wiili  the  first  osidc  of  copper,  and  ot  forming  another 
salt,  first  discovered  by  Mr  Proust,  and  afterwards  more 
precisely  examined  by  Mr  Chenevix.  Let  usdisiio. 
guish  these  salts,  by  calling  ihe  first  oxymuriatt  of  co|i- 
{>cr,  because  the  meial  contained  in  it  ix  osidiz«d  lo  x 
vnaximum,  and  giving  the  name  oi  muriate  to  the  ^^'r 
discovered  by  Mr  Proust. 

I,  Oxymuriattpf  copper,  Thissalt  may  be  obtained 
cither  by  dissolving  copper  in  muriatic  acid  by  the  as- 
-rsistance  of  heat,  or  by  throwing  the  oxide  of  copper  in- 
to that  acid  cold.  The  solution,  which  is  of  a  fine 
{teen  colour,  yields,  when  sufKciently  concentrated,  and 
sUovred  to  cool  slowly,  crystals  of  oxymuriaie  of  cop. 
per,  in  the  form  of  rectangular  pstalldopipeda  of  a  fine 
grass-green  coloor. 

This  salt  is  exceedingly  acrid  and  caustic.      Its  tpe^ 
4iic  gravity  is  l'6"n5  ".      It  is  very  soluble  in  water ; 


and  when  exposed  to  the  air,  very'  sooa  altricla  iQOu> 
ture,  and  is  converted  into  e  liquid  of  the  consiitenca 
pf  oil.  At  a  moderate  beat  it  mells,  and  assumes  k  io> 
lid  form  whea  cold.  According  to  ProusI,  it  is  com- 
poied  of 24  acid 

40  peroxide 

30  water 

100* 
This  salt  may  be  distilled  to  dryness  without  altera- 
tion i    but  if  the  heat  be   increased,  oxymuriatic  acid 
passes  over,  the  copper   loses  part  of  its  oxygen,  and 
there  remains  behind  muriate  of  copper.    When  potask 
is  poured  into  (he  solution  of  oxymuriite  of  copper,  b 
green  powder  is  precipitated,  which  is  a  su  boxy  muriate,  _ 
containing  72  pans  in  the   hundred  of  brown  oxide  oS 
copper.     When  copper  is  dissolved  in  nitromuriatic  v— 
cid,  a  similar  green  powder  separates,  composed,  ac^ 
cording  to  Proait,  of......  13*5  ■cid 

79-0  oxide 
8' 5  wttor 

100*0 1 

Mnritte  of  copper  ii  not  decompoied  by  lalplniric  or 
nitric  acid  ;  bat  the  alkalies  *ad  alkalino  eudu  pi*. 
dpitate  the  oxide  in  thcatate  of  a  snbtalt,  if  the  nutria^ 
of  copper  predominate  ;  and  in  tlie  ttato  of  a  hydnte  if 
the  alkalies  predominate  t. 

3.  Muriate  of  cc^per.  This  salt,  which  contuse  co^ 
per  combined  with  a  minimum  of  oxygen,  waa  diaco* 
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i  by  Mr  Proust  while  engaged  in  his  experiments  Cb»p.  m.' 
OS  tin.  He  observed,  that  when  the  sails  of  copper 
'^vere  mixed  with  the  muriate  of  tin,  that  last  salt  depri- 
~ved  the  copper  of  part  of  lis  oxygen,  and  formed  a  salt 
of  a  white  colour,  not  acted  on  b^  sulphuric  acid,  but 
soluble  in  muriatic  acid.  This  solution  yielded  him  a 
colourless  s^lt,  which  on  examination  proved  to  be  a 
muriate  of  copper  *. 

Mr  Chenevix  has  discovered  a  very  simple  process  FoiRuiiORi , 
for  obtaining  this  sail.  He  mixed  togcihcr,  in  a  mortar, 
57'5  parts  of  the  black  oxide  of  copper,  and  50  parts  of 
copper  in  the  state  of  a  fine  powder,  obtained  by  pre- 
cipitating that  metal  from  its  solution  in  muriatic  af:id 
by  means  of  a  plate  of  iron.  The  mixture  was  put  a- 
long  with  muriaiic  acid  into  a  well-stopped  phial.  A 
riolenl  disengagement  of  caloric  look  place,  the  liquor 
became  of  a  red  orange  colour,  and  the  whole  was  dii- 
Mdved  except  !■  5  of  metallic  copper.  Tlie  solution  con- 
sisted entirely  of  muriate  of  copper  f. 

It  may  be  obtained  also,  as  Proust  has  shown,  by  dis- 
tilling oxycnuriate  of  copper.      After  the  greatest  part 
«if  the  wa^er  has  passed  over,  the  acid  attracts  oxygen 
from    the  metal,  and  passes  over  partly  in  the  state  of 
oxymuriaiic  acid  ;    a  grey  mass  remains  in  the  retort, 
'which  is  muriate  of  copper.     The  salt  may  be  obtained 
also  by  keeping  a  plate  of  copper  plunged  in  a  bottle 
SUcd  with  muriatic  acid.       Crystals  of  muriate  gradu- 
ally form  upon  the  plate  ;  and  when  the  colourless  acid 
it  diluted  witli  water,  muriate  of  copper  precipitates  in 
the  state  of  a  white  powder  J. 


tt.  A  dim.  Iiviii.  llB. 
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This  nit  crystallizes  in  tetraheclrons,    When  i 
ceniraled  solution  is  diluted  with  water,  the  sail 
pitBlea  in  the  state   of  a  white  powder,  being  m 
deprived  of  the  excess  of  acid  which  held  it  in  u 
When  repeatedly  washed  with  water,  its  licid  is 
off.  and  the   orange   oxide  of  copper   only  rem 
Frum  the  eiperiments  of  Prousi,  compared  wit! 
of  ChcDCvijc,  this  salt  seems  to  be  composed  of  i 
fV15  acid 
70-25  proloxido 
5'00  water 

100-00 

When  this  salt  is  exposed  to  the  air,  it  very  t 
attracts  oxygen,  and  is  convened  inio  oxymui 
copper.  The  sulphate  of  iron,  when  dropt  into 
tion  containing  it,  precipii^le^  the  copper  in  the 
lie  slate,  while  it  passes  itself  to  the  siftie  of< 
phaie  +. 

It  diuolvet  ia  uampQt«t  ">d  forint  a  colo\;|rlp: 
ijon,  which  gradpallyAttracii  oxygen  when  fjtfi 
the  lir,  agd  «t  the  mcbi;  ti.ntf  acquires  «  fi^p  \t 

Wt.  ,  ., 

Sf.4.     Sv^ititt  ^Copftr. 

' .  SoLraotlc  ACiDdpmiQt  attack  copper  wlwli 
but  at  a  boiling  heat  part  of  the  »cid  is  4ecoDip« 
copper  is  p^idized,  apd  cembinei  with  the  retnaii 
4c  vM.      Btft  rcconrsQ  is  seldom  had  to  thi^  | 
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I  the  sulphate  of  capper  i&  fitund  native  abundant]^, 
diHolvedin  mineral  waters  cotinccltd  with  copper  mincK. 
From  these  waters  it  is  ofien  obtained  by  evaporation  i 
or  i[  is  formed  b^  burning  n.iiive  suiphur>.-t  of  copper, 
or  by  moistening  tbat  substance  and  rx^osing  it  lo  the 
air.  Bt  cither  ot  these  methods  the  sulphur  is  BCidi* 
ficd,  and  the  sulphate  of  copper  formed.  This  salt  ^>p- 
pears  to  have  been  known  to  the  ancients.  In  coin* 
merce  it  is  distinguished  by  the  name  oi  Hue  viiriof,  and 
sometimes  by  that  of  hint  copptras.  It  is  in  fact  an  oxy- 
sulphate.  There  art  turee  vatietiesof  this  saltknoini, 
itamfly,  nipersulphaU,  sulphatr,  and  lubtuJphatt. 

1.  Super  sulphate.  This  is  the  variety  which  occurs  PfopSiS^ 
in  commerce,  and  which  is  formed  by  the  usual  procesr 
kct.  It  renders  vegetable  blues  red,  and  therefore  con- 
tains an  excess  of  acid.  It  has  a  deep  blue  colour.  The 
primitive  form  of  its  crysials,  accoiding  to  Hauy,  is  an 
oblique  parallel  op!  ped,  M'hose  sides  are  inclined  to  each 
other  at  angles  of  124°  l' and  55°  5Q';  and  whole  | 
Ijase  makes,  with  one  of  the  sides,  an  angle  of  l0V^2l' 
and  with  the  opposite  side  an  angle  of  10*  39'.  Xt, 
sometimes  passes  into  the  octahedron  and  decahedron^ 
and  the  edges  ai  the  bases  arc  ofieii  truncated. 

It  has  a  strong  styptic  melallic  ta^te,  and  indeed  ii 
employed  as  a  caustic.  Its  specific  eravity  is  2' 1943  '. 
It  is  soluble  in  about  four  parts  of  water  at  the  icmpe- 
rattire  of  60°,  and  in  l*6  pans  of  water  at  tlie  tempera-  i 
lure  of  144°  t-  When  exposed  to  the  air,  it  undergoes  ft 
ycry  slight  efflorescence,  and  its  surface  is  covered  with 
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13.      According  to  Dt  Watiop, 
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&  greenish  tvhite  [lowder.      When  heated,  it  loses  in 
waier,  and  is  convtried  into  a  bluish  white  powder;  if 
the  heal  be  increased,  the  aeid  is  driven  off,  and  the 
black  oxide  of  copper  remains  behind. 

This  salt,  according  to  the  analysis  of  Mr  Proust,  ia 
eomposed  of  • .....i..33  acid 

32  oxide 
35  water 

100" 

But  pari  of  this  walcr  is  intimately  combined  with  iho 
oxide  in  the  stale  ol  hydrate  of  copper,  as  Mr  Chcnevix 
has  ©bserved.     We  may  ihcrcfore  consider  the  sah  at 

oompoacd  of , 33  acid 

42  hydrate  of  copper 


This  salt  ia  decomposed  by  the  alkalies  and  earths, 
tlie  alkaline  carbonates,  borates,  and  phosphates,  and  by 
ihoic  metallic  sails  whose  base  forms  with  sulphurie 
)icid  a  salt  nearly  insolpble,  a;  the  saJis  pf  Jead. 

\t  teemi  to  have  the  property  of  fomitig  k  qutdntpk 
■It  with  nnrikte  *i  ttnmotila.  When  c^at  psru-ol 
tfae  two  nits  diiMiWcd  in  water  btc  mixed  together^  the 


^  Jbai.  ii  CUm.  iiiii.  JJ.— A^cordiug  to  Kiiwao,  ii  ii 


Thi(  iftrm  iltnott  tiictir  with  the  nptrimcMi  ef  ProM,  if  wc  tap. 
pQic  Mr  KirwviVoiide  wai  in  the  uue  of  ahrdrate. 


^Bdlatioo  has  a  yellow  colour  while  warm,  but  becomes  Chap.  IIL 
^grcen  on  cooling.  This  solution  formi  a  sympathetic 
snk.  Lines  drawn  with  it  on  paper  are  invisible  while 
cold;  but  when  the  paper  is  heated  they  assume  a 
ytUow  colour,  which  disappears  again  when  the  paper 
cools  -. 

2.  Su/platr.  This  salt  possesses  nearly  the  proper- 
ties of  the  first  variety,  hut  il  crjsialJiies  in  four-sided 
pyramids  separated  by  quadrangular  prisms  t-  It  may 
be  obtained  by  saturating  the  excess  of  acid  in  the  su. 
persulphate  with  the  oxide  of  copper. 

3.  Svbsuipbalf.  When  a  small  quantity  of  pure  pot- 
ash is  poured  into  a  solution  of  sulphate  of  copper,  a 
green -co  loured  powder  appears,  which  swims  in  the  so- 
lotfon.  It  may  be  separated  by-  filtration  ;  and  when 
sufficiently  edulcorated  is  insoluble  in  water.      This 

powder  was  first  examined  by  Mr  Proust,  He  has  as- 
«:enained  it  to  be  a  subsulpliaie  of  copper,  and  to  be 
composed  of. 16  acid  Compol- 

CioD. 

08  oxide 
14  water 

loot 

The  experiments  of  Proust  render  it  probable  that 
sulphuric  acid  does  not  combine  with  the  protoxide 
of  copper  ;  for  when  that  acid  is  poured  upon  this 
oxide,  one  part  of  the  metal  attracts  oxygen  from  the 
ptber.     The  consequence  is,  ihe  formation  of  blue  9Ul. 


t  I.cUu]c,  /or-  Ji  Pty^,  It.  3^1 
t  flm.  it  CUm.  xuii.  14. 


)4  SALTS  OF 

^^Li^i    P^^^  ^^  copper,  and  the  precipitatioa  oft  nd  powder^ 
which  is  copper  reduced  *• 

Sp.  5.     Sulphite  of  Copper. 

Sulphurous  acid  does  oot  attack  copper  i  but  it 
dissolves  its  oxide  with  facilitj,  and  forms  with  it  a 
phitc  of  copper.     This  salt  has  been  hitherto  ezmiioccE^ 
by  Fof^rcroj  and  Vauquelin  only.     It  ma/  be  fbraeiK 
bj  mixing  together  the  solutions  of  sulphite  of  aodn  asA. 
sulphate  of  copper.     An  orange*coloured  precipitate 
immediately  falls,  and  afterwards  small  whitish-greem 
crystals  are  deposited ;  the  colour  of  which  becomes 
deeper  by  exposure  to  the  air.     The  first  of  these,  in 
the  form  of  an  orange«colourcd  powder,  'msMisu^bite  ^ 
the  second^  in  the  form  of  crystals,  is  a  sulpbiig  of 
copper. 

When  these  salts  are  heated,  they  melt^  and  acquire 
u  leaden  grey  colour.  The  subsulphite  U  insoluble  ia 
water ;  but  that  liquid  dissolves  the  sulphite,  though 
sparingly.  Nitric  acid  converts  them  into  sulphate  of 
copper ;  sulphuric  acid  separates  the  acid  from  the  sul* 
phite,  and  part  of  the  oxide  is  reduced  to  the  metallic 
state  f . 

Sp.  0.     Phosphate  of  Copper, 

Phosphoric  acid  does  not  attack  copper  imoaedia- 
lately }  but  when  allowed  to  remain  long  upon  that 
metal,  oxidation  at  length  takes  place,  and  the  phos- 
phate of  copper  is  formed.  This  salt  may  be  obtained 
with  great  facility  by  pouring  phosphate  of  soda  into  a 


/.'ir.  it  rijf.  li.  iSt.  f  FourcToy,Ti.  ays. 
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COFFER. 

solution  of  nitrate  of  copper.  A  bloislugreen  powder 
immediatel J  precipitates,  which  is  phosphate  of  copper. 
This  salt  is  insoluble  in  water.  Its  specific  gravity,  ac- 
cording to  HassenfratZy  is  1*4158  *.  When  exposed  to 
a  red  heat,  it  loses  its  water,  and  acquires  a  brown  c6- 
lour.  When  violently  heated,  phosphureted  copper 
comes  over.  According  to  the  analysis  of  Mr  Chene- 
vix,  it  is  composed  of 

Brown  oxide  4Q*5 7  u  j    *     r  ^,  r 

>  hydrate  of  copper  01 '5 

\V^ater  ....   12    3 

Acid 35-0 

Water 3-5 


100*0  f 

Sp*  7.     CarbonaU  of  Copper. 

Carbonic  acid  does  not  attack  copper  ;  but  it  com- 
"bines  readily  with  itsoxide,  or  with  the  hydrate  of  cop- 
per, when  that  compound  is  mixed  with  water,  and  a 
curtent  of  carbonic  acid  gas  made  to  pass  through  it.  Or 
the  carbonate  may  be  formed  by  precipitating  a  solu- 
tion of  nitrate  of  copper  with  a  fixed  alkaline  carbo- 
Date  X*     '^o  g'^^  ^^^  carbonate  all  its  lustre,  the  solu- 
tion should  be  mixed  with  boiling  water,  and  the  pre- 
cipitate should  be  washed  with  great  care,  and  exposed 
to  the  light  of  the  sun.     It  has  then  a  fine  apple-green 
colour,  and  it  is  found  often  native  in  its  greatest  beauty. 
The  native  carbonate  is  known  among  mineralogists  by 


9  Amm.  dt  Chum,  Xiviii.  1 2.  f  PbiL  Trams.  1 8oi.  p.  106. 

I  Mr  CheneTui  hat  ■hown  that  the  alkiline  carbonates  have  the  pro* 
l>erty  of  dntohriog  a  porcioD  of  the  oxide  of  copper,  aod  of  fomiuig  with 
i  c  a  ujple  Mlt. 


UAH. 


the  name  oi  malachite.  It  is  insoluble  in  waler,  and  '^ 
enlirdy  decomposed  and  reduced  to  the  state  of  blac=^^ 
oxide  hj  the  action  of  heal.  According  to  the  analyt^KU 
of  Proust,  it  is  composed  of  25'0  acid  y 

09' 5  peroxide 
5-5  water 


A  hundred  parts  of  copper,  dissolved  in  nilpharic  o^^ht 
nitric  acid,  and  precipitated  by  the  carbonate  of  potash^iri 
or  soda,  give  180  parts  of  carbonate  of  copper,  which,^^c, 
being  deprived  of  its  acid  and  water  by  distillation,^^ 
leaves  125  parts  of  oxide  of  copper  *. 

Sp.  8.     Fluate  of  Copper. 

Flooric  acid  dissolves  a  small  portion  of  copper*- 
when  assisted  bj  heat ;  and  it  dissolves  its  oxide  witlk 
facility.  The  solution  is  gelatinous,  and  yields,  when 
evaporated,  blue  crystals  of  fluate  «f  copper,  in  the  fom  . 
of  cubes  or  oblongs  f . 

Sp.  g.     Boratt  ofCoppir. 

.  Whxh  borax  is  ^ured  into  a  solutioa  of  folpbate  of 
copper,  borate  of  copper  it  precipitated  io  the  form  of 
t  pale  light-green  jelly,  which  when  dried  is  with  grea^ 
difficulty  soluble  in  water.  It  easily  meitt  into  •  dkrki 
red  vitreous  substance  t-  According  to  Palm,  by  long 
triluratioD  of  filings  of  copper  and  boracic  add  in  wa« 
ter,  and  then  digesting  the  mixture,  it  dissolves,  ud 
crystals  may  be  obtained  from  it. 

•  PiouM,  Ai-h  it  Cbim.  niii.  sS.  t  Schede,  i.  33, 
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Hi.    CoMSDStifiLE  Salts.  ' 

Sj>.  10.     Acetate  of  Copper. 

Acetic  ACID  attacks  copper  very  slowly  !n  open  ves^ 
Sels,  converts  it  into  an  oxide,  and  diasolfcs  it :  but  irt 
close  vessels  no  action  lakes  place.  This  acJd  readily 
combines  wilh  the  oxide  of  copper,  and  forins  with  it  an 
(u:etate.  _  This  salt  was  known  to  ihe  ancients,  and  va- 
rious ways  of  preparing  it  are  described  by  Pliny  '.  It 
is  usually  obtained  by  exposing  plates  of  copper  to  the 
action  of  vinegar  till  they  are  converted  to  a  blutsh-green 
powder  called  vcrdegrii,  and  then  dissolving  this  powder 
in  acetic  acid,  and  cryst:tllizing  it. 

Acetate  of  copper  crystallizes  in  four-sided  truncated  Propertieb 
pyrafnids.     It  has  a  beautiful  bluishi-green  colour,    lis 
specific  gravity  is  1-779  +.    lis  taste  is  disagreeably  me- 
tallic, and,  like  all  the  compounds  into  which   copper 
^sterst  it  is  poisonous.      It  is  sparingly  soluble  in  cold 
vrater.     When  that  liquid  is   boiled  upon  the  salt,  it 
lakes  up,  according  to  Wenzel,  f  ih  of  its  weight  of  it  J. 
^cobol   likewise  dissolves  it.      When   exposed  to  the 
air,  it  ciHorc&ces.   By  distillation  it  gives  out  acetic  acid. 
Proust  fitjt  remarked  that  acetous  acid  and  acetic  acid 
ioroi  the  same  salt  with  copper  ;    and  hence  concluded 
that  there   is  no  ditTctence    between   the  two  acids  J. 
When  sulphurcled  hydrogen  gas  is  made  lo  pass  through 
a  solution  of  this  salt  in  water,  the  copper  is  deoxidized, 
and  precipitates  in  Ihe  state  of  a  blue  stalphuret,  and 


j  Hawnfrui,  Jm.  ieClim 


fOl  iALt%  Of 

o%d^iii    ^^^  temains  behind  an  acid  which  poMcsses  the  prd* 
perties  of  the  acetic  *• 
According  to  Proust,  the  acetate  of  copper  ia  com* 

posed  of«.««« •••61  acid  and  water 

39  oxide 

100 

When  the  verdegris  of  commerce  is  pat  into  water^ 
0*50  parts  of  it  are  dissolved,  and  there  remains  0*44 
parts  in  the  state  of  a  fine  green  powder,  which  remains 
long  suspended  in  the  solution.  Mr  Proust  has  ascer- 
tained that  this  powder  is  a  suhacetaie  of  copper*  It  is 
decomposed  by  sulphuric  acid,  bj  potash,  and  bj  dis- 
tillation .  According  to  the  analysis  of  Proust,  it  is  com- 
posed of, 37  acid  and  water    . 

03  o»de 

100 

Thus  it  appears,  from  the  experiments  of  this  philoso- 
pher, thst  the  Terdcgris  of  com  merer  is  composed  of 
two  different  acetates  of  copper  ;  the  one  soluble  in  wa- 
ter, the  other  insoluble.  It  is  much  used  as  a  paint ; 
and  crystallized  acetate  of  copper  is  a  frequent  ingre- 
dient in  dyeing  compounds.  Verdegris  is  formed  ia. 
great  quantities  at  Montpelier.  A  particular  account 
of  the  processes  followed  in  that  place  has  been  pub* 
by  Mr  Chaptil  f. 


^.11.     Smccinaie  of  Cpfper, 

Succinic  acid  dissolves  copper  with  difficulty,  and 


•  .i«i.  ir  Ci^m,  wkiL  56.  \  Ib«L  IXT.  jq; 
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tal/  when  BSiisted  by  a  long  digestion.     The  ftolkUlon    Chap.  ML 

is  green,  xnd  yielded  Wenzel  soiall  green  orytUl^  the     .- • 

properties  of  which  have  not  been  exaiained-  From 
the  eiperiments  of  the  same  chemist  weleani)  tba.t 
lber«  »re  two  vaHeties  of  this  sail,  a  suptriutdnatt  ftod 
■  suhimecinatc.  He  digested  10  grains  of  carbonsle  pf 
copper  in  svlccinic  acid  :  An  efTcive&cence  took  place) 
one  portion  was  dissolved,  but  another  remained  at  the 
bottom  of  ihe  vessel.  This  parti ao  weighed  17  grains. 
Il  liad  lost  its  carbonic  acid,  and  evidently  contaioed 
yoccinic  acid.  The  saluliuns  contaiBed  %  portion  qf 
copper,  which  wag  not  separated  by  an  allcaii>  but  by  a 
hjdrotulp buret,  and  zinc  threw  it  down  *. 

S/i.  12.     Bfn^oate  of  Cofper. 

Bxwzoic  ACID  does  not  act  upon  copper,  but  il  com- 
bines readily  with  ilii;  oxide  of  that  metal.  The  i^ 
fonned  is  in  small  crystals  of  a  deep  green  colour,  ipa- 
rinf^  soluble  in  water,  and  insoluble  in  alcohoJt  .When 
he^d,  tbe  acid  evaporates  and  leaves  the  oiude.,  Tbc 
alkalies  and  the  carbonates  of  lime  and  baryles  decomr 
pOscil+. 

Sp.  13.      Oxalate  of  Copptr. 

OZA^I.C  ACID  is  capable  of  s-ttacking  c^pjter,  an4 

fortning  with  it  needle-shaped  crystals  of  a  {^^IW'CPr 

lour,  not  altered  by  exposure  to  the  airt.     It  combines 

witb  great  facility  with  Its  6Side.     The  oxalate  formed 


•  ^KtattXtLtinvnJirVtrtfmJiub^  Ar  Kvftr.    Crindcl'i  cdir. 

p.  S4«- 

t  Tnmanjiat(,  Amn.JiClim.iA.i\S- 
t  Wraicl,  Ibid.  p.  SI). 
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Sp.  n.     Saccctate  q/"  Ctfpen  >~ 

ftoLFBATC  of  copper  is  not  precipitated  hy  saclactic 

Sp.  18.     Laciau  of  toppt^. 
WasH  lactic  acid  is  digested  on  copper,  it  auumes 
fitst  a  blue  colour,  and  ihen  ft  green,  which  passes  into 
mdark  brown  j  but  Ihe  soluiion  does  not  cry  stalliLcti 

Sp.  IP.     Suberate  of  Copptr. 

Suberic  acid  gives  a  green  colour  to  umte  of  cofM 
t)er,  but  «ccasions  no  precipiialc  t. 

Sp.  2C.  Prvtxiatf  of  Copper. 
Tb£  triple  prusstaiei  precipjrate  copper  from  its  so- 
lutions of  vaiious  shades  of  browr,  some  of  which  are 
temarkabl/  beautiful.  Mr  Haichctt  has  latelj  reconi- 
QCDded  this  prussiatc  as  an  excellent  pigment ;  and 
when  tried  by  artists,  both  in  oil  and  water,  it  was 
found  to  excel,  in  beauty  and  durability,  eVerj  brown 
pount  known.  The  method  of  preparing  this  point  re- 
commeojed  by  Mr  Hatchtitt  is  the  following :  Dissolr« 
Oxjmuriate  of  copper  in  ten  parts  of  water,  and  preci- 
pitaiB  with  triple  prussiaie  of  lime  till  the  whole  is 
thrown  doivn.  Wash  the  precipitate,  and  dry  it  witlw 
Wtt  beat  5, 


•  Bcheelt,  iiu  80.  t  Ibid.  p>  M. 

t  BcuiUoa  Lignngt.  /!>*.  A  CUki.  liiiL  48. 
I  Jttnal  rfHf  fliytt  Uilil-titm,  i.  itA. 
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^  IV.  Metallic  Salts, 

Sp,  21.     Aritniatcd  Copptr. 

When  arsenic  acid  is  digested  on  copper,  the  metal 
is  oxidized  and  dissolved,  and  a  bluish  while  powder  is 
formed,  which  consisls  of  the  arseniaie  of  copper.  Thi» 
Sfth  may  be  formed  alto  by  pouring  arsenic  uci'd  into 
aeettw  of  copper,  or  by  preci  pi  talinfr  nitrate  of  copper 
by  mcaDs  of  an  alkaline  arseniate  ". 

ArseriTile  of  copper  has  been  lately  found  native  in 
con^idcrttbte  quantities  in  the  mine  of  Huel  GoHaiid  in 
ibe  parish  of  Gwennap  in  Coruwall ;  and  a  fcty  intel 
resting  description  sod  analysis  of  it  have  been  pub>  • 
lishcd  by  the  Coont  de  Bournon  and  Mr  Chenevix  io 
the  Philosophical  Transactions  for  ISO}.  Froth  titeez-  . 
periments  and  observations  of  these  celebrafed  ptiitotol 
phcTB,  it  appears  that  there  are  no  less  than  five  v«ri<( 
lies  of  arseniated  copper,  differing  from  each  other  Ift 
the  proportion  of  oxide,  acid,  and  wsicr,  which  they 
«w>ldn.  In  genCTkltbcy  we  insoluble  iipiMMit/ff«t 
«Kcept  one  vsriei^,  wbiob  aeens  to  boa  snpMatacbbl^ 
WA  w&lch  hitherto  hu  not  bom  Ctimd  ^A^W^^TMr 
vdloor  ▼w-ies  from  a  dc«p  bl«t  to  (re«D,  'saAiMtc^ 
4row«,  yeUowv^aad-  black.  Thii  Tarimtiodr-ieeM* Vt 
"Vkpentt  HjWn'  rtw  propbition  of  mlef  whiiili  tfaojcoa- 
taio,  the  blue  and  tbe  green  containiog  mos^  aad  life 
brown  least  water. 

Variety  J.  Ohtustoclaiidral ^rrtmatt.  This  varietr  — 
is  crystallized  in  obtuse  octahedrons,  cocnpesa^of  twoi^ 


toof'Uittd^pfnmidt  tLpplied  bate  to  base,  the  facet  v^ 
whidi  are  isos^dca  triaogleg ;  ^md  .tivro  of  ihem  which 
art  oppotile  are  more  iacltved  than. the  othen.  Tbet^ 
meet  ai  the  apex  at  an  aagle  of  iSO^y '  and  at  the  base 
St  an  angle  of  50^.  '  The  pyramids  often  terminate  iq 
ridges.  These  crystals  are  commonly  a  deep  sky-blu^ 
and  sometimes  a  fine  grass  green.  Their  speci&c  gra^ 
vitj  is  2*881  *•  They  are  composed,  according  to  thi; 
analysis  of  Cbeaevix,  of  14' 3  acid 

50*0  brown  oxide 

35*7  water 
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Variety  2.  Hexabedral  Arseniate*  This  variety  is 
commonly  found  in  very  fine  six-sided  laminae,  and  is 
divisible  into  thin  scales  like  nodca.  It  is  of  a  4cep 
emerald  green  colour  j  and  its  specific  gravity  is  2"546  f. 

It  is  composed  of, .43  acid 

39  oxide 
18  water 

loot 

Thb  variety  precipitates  in  the  form  of  very  small 
blue  crystals  when  arseniate  of  ammonia  is  poured  into 
nitrate  of  copper  $. 

Variety  3.  AcuU  octahedral  Arstniaie.  This  variety 
it  composed  of  two  four-sided  pyramids  applied  base  to 
bate ;  two  of  the  faces,  which  are  more  inclined,  meet 
at  the  apex  at  an  angle  of  84^,  and  at  the  base  at  one 


*  Bouraon.  f  Id. 

\  Vauqaelin,  Jwr.  it  Mln.  x.  56}. 
I  Chenevix. 


iiKk  n.     of  Dfl*.     The  other  two  fonn  «t  tlie  tpei  and  but 
]_,  'J"    ■'  angles  of  68"  wid  112".     The  ap«  of  the  pjrramidft  U 
often  »  ridge.     Very  frequently  it  utumes  the  ftum  at 
a  [homboidkl  prisn),  terminated  by  dihedral  summits, 
and  in  many  casca  the  angles  of  90**  are  truncaiedt     lu 
utual  colour  is  brown  or  dark  bottle-green.     Its  spcofir 
grartiy  is4'380*.   It  is  composed  «f  29  acid 
50  oxide 
31  water 

200 

But  sometimes  it  is  destitute  of  water  altogetherf , 

Variety  4.  Trihtdral Aneniatt.  The  primitive  fonn 
of  this  variety  is  a  trihedral  prism,  whose  bases  are  equii 
lateral  triangles;  but  it  occurs  crystallized  in  a  great 
variety  of  figures,  which  have  been  described  with  great 
accuracy  by  the  Count  de  Bournon.  They  are  usually 
of  a  fine  bluish-green  colour,  and  of  the  same  specific  gra- 
vity as  the  last  tpeaes.  When  opaque,  they  are  sotDc- 
times  aearly  blapk.  Tbey  are  composed,  accordtog  ta 
the  knalyiis  of  Chenevix,  of  30  acid 
54  oxide 
III  water 

190 
Variety  5.  Supmarttmati.  This  talt  has  not  beca 
fbund  uaUve ;  but  it  has  been  formed  by  Mr  Ghaaev^ 
by  the  following  process :  Anejiiate  of  ammonia  ww 
poured  into  the  nitrate  of  copper,  and  occasiooQit  a  pts* 
cipitate,  which  was  the  second  variety  described  above. 


corru.  f  15  - 

The  lolation,  which  retained  its  bloc  colour,  ww  p"'-  C>*P-nL^ 
ti^j  evaporated,  and  then  alcohol  was  poured  into  it. 
Another  precipiiation  took  place,  and  increased  consi- 
derably on  allowing  the  solution  to  stand.  This  preci- 
pitate consisted  of  rhomboidal  crysiali  of  a  blue  co- 
lour ••     They  were  composed  of  40'i  acid 

-    ^P  ,  a5'5  oxide 

^^^  water 

^^T  100-0 

Perhaps  a  more  precise  id«a  may  be  formed  of  the  com- 
position  of  these  varieties  from  the  following  Table, 
which  exhibits  the  proportion  of  oxide  and  water  com- 
Ijined  in  each  with  l-OD  of  acid,  according  to  the  Ina- 
a  of  Chenevix ; 


Arid. 

0.i^c 

W»[«. 

Variety  1st, 

1*00 

3-70 

2-50 

^             Sd, 

1-00 

2*70 

1-00 

^                3d, 

1-00 

1-72 

0-70 

4th, 

1-00 

1*80 

0-53 

5th, 

1-00 

0-88 

0-60  + 

e  White  oxide  of  arsenic  is  capable  aUo  of  corobi- 
Bing  with  copper.  It  forms  with  the  oxide  of  that 
metal  ao  aritniU,  usually  disiinguhhed  bj  the  name  of 
Scheeit"'  grten,  because  Mr  Scheele  first  examined  it, 
and  proposed  it  as  a  paint.  It  may  be  formed  by  dis. 
lolriag  two  parts  of  sulphate  of  copper  in  44  pans  ol 
water,  and  likewise  two  parts  of  potash  of  commerce 


#  nil.  Tr*i.  ifei,  p.  107. 

f  Sm  Hioy'i  temuki  on  (hji  uitlyiii 


•jgfcw-  aoi'iiMljriHMr f«t dF tbe  whte oxide  «f AMolo -pti* 
^.  .y  „»'  TeriMd  iikM'faitt^wiler  ^  lbs  iidHiaK  tf  kM. 
Thr  ibhitioii  of  ooRper  k  gmindly  tddid  wbilto  lioc  to 
tboimaiitt'of  pmihf  wad  tho  wliold  k  ofkm  itfantrf  dUi^ 
ring  tile  fBiztort.  The  auxtiini^  oo  ttaadiof ,  grediMk 
I7  deponlcB  tlie  aricmts  of  eepper  in  the  form  of  eile 
green  powder.  It  is  to  he  wmsfaed  weU  with  wetec  and 
then  dried  \ 

•  •  • 

Sf.  22*     Mofybdaie  0/  Coffer. 

MoLTBDf 0 '  AGiD  thfowt-^Aiwn  o  green  pred^ite. 
firom  nitmto  of  coiqper  f. 

r  • 

Sf.  2S.  ami  84.     Tw^stait  and.  Chromati  of  Cpffur  .^ 

TuMOSTio  ACID  end  its  compounds  oeonsioft  n  whE^g 

precipitnte  when  poored  into  the  salts  of  copper :  wmm^ 

.  when  chromic  acid  is  dropt  into  nitrate  of  copper^  n  r««i 

precipitate  imUs  %• 

ft 

V.  TniFLC  Salts. 

Sp.  25*     Tartrate  of  Potash  and  Cojtper. 

This  salt  may  be  formed  by  boiling  together  oxide 
of  copper  and  tartar  in  water.  The  solution  yields  bj 
evaporation  blue  crystals,  which  have  a  sweetish  taste, 
and  contain  a  great  proportion  of  metal  $.  When  tar- 
tar and  copper,  or  its  oxides,  are  boiled  together^  they 
jly^^P^.j^  dissolve ;  and  by  evaporating  to  dryness,  a  blnish*green 
S'Ka-         powder  is  obtained,  which,  according  to  Leoohardi^ 


♦  Schede,  L  161.  f  Hatcbett 

%  Schecle  aad  VauqacLn. 

k  Thaird,  Aam.  it  dim.  zzi^iL  16. 


nos.  21T 

ran^lttiites  the  better  kind  of  ihe  pigmeot  called  Brvnt-    ^W-  't^- 
wtf  *  gtten  '. 

The  oxides  of  copper  are  capable  of  entering  into  se- 
veral other  triple  compounds,  both  with  the  meialHne, 
ind  nnhy  and  alkaline  salts  ;  but  the  properties  of 
these  compounds  have  not  been  eiamined  with  prcci- 
(ion,  if  we  except  the  solutions  obtained  by  pouring 
ammonia  on  most  of  the  salts  of  copper, 

^^r  Genus  X.     Salts  of  Iron. 

^^HPre  eompconds  which  the  acids  form  with  the  ox- 
•  Hk%  of  iron  were  formerly  distinguished  in  chemistry 
by  the  eplihei  martial,  because  Mars  was  the  title  gii'en 
by' Ihe  ftlch}rmistsioiron.  The  most  iaiportant  of  these 
sails  have  been  loiig  known.  No  metal  attraas  oxy- 
gen and  combines  with  acids  with  more  facility  thsn 
irun  ;  many  of  its  salts  therefore  are  fcund  ready  forin- 
ed,  or  at  least  are  often  formed  during  the  muIcipUdty 
of  operations  to  which  this  very  useful  metal  is  expo- 
sed. Some  of  these  salts  have  been  long  of  great  im- 
portance in  maiuifsictures.  They  form  the  basis  of  wri- 
l!ag  ink  and  of  Ihe  bbck  dye,  and  are  employed  also 
(o  communicaie  several  other  colours  to  cloth. 

Iron  is  capable  of  combining  with  two  doses  of  oxy- 
gcn,  and  several  of  the  acids  unite  with  each  of  its  ox. 
idiis.  There  are  therefore  two  sets  of  salts  which  have 
iroo  for  their  bases  ;  one  set  containing  the  black  oxide, 
the  other  the  red.  The  last  of  these  sets  was  scarcely 
attended  to  by  chemists  till  Mc  Proust  published  his 


•  GrcD't  HrniJ^Md  Ar  CUmit,  ill.  3 


tu  iALXi  or 

•cri^d  the  pcoperdes  of  the  salt  cpmpoeed  of  thtTCd 
osUo  of  jron  and  aulphoric  add  $  whid^  aooordiqg  to 
the  fole  formerlj  laid  down,  I  iball  call  mytm^imN  ^ 
mmn  Since  that  time  Ifr  Oavj-has  aaotrlfiiiied  the  ex* 
itteDce  of  aevecal  move  of  these  salts. 

•  The  salts  of  iroo  loay  be  distbguished  bj  &e  6L 
lowing  properties : 

'!•  The  greater  number  are  solaUe  in  water  i  and  it 
general  the  solutiool^as  a  greenish  or  jrellowish  red  cs* 
looTp  and  an  astringent  tasttt 

S.  The  triple  pniasiates  occasion  in  these  sfdntieps  a 
predpilate  of  •  deep  Uu^,  or  at  least  whieh  noqnires 
that  colour  on  eicposore  to  tbe^atmoaphere* 

3.  HjdnMolphuret  of  potash  occasiona  a  blade  fHm 
cipitate* 

4.  Snlphnreled  hjdrogen  renders  the  sal^tioa  aeady 
colourless,  hut  occasions  no  precipitate  ^. 

5*  Gallic  acid,  or  the  infimoa  of  mtgaU%  necasioos 
a  Uack  or  purple  precipitate,  at  least  if  the  aohitiaB  his 
been  for  some  time  exposed  to  the  air* 

)•    D£TOKATiyo  Salts* 

Sp.  1.     Nitrated  Iron, 

Nmic  ACID,  when  as  stronglj  cooccntrated  aa  fos* 
sible,  does  not  act  rapidly  on  iron ;  but  when  the  aeid 
is  of  a  moderate  strength,  the  action  is  very  Tiolcnt^  a 


a  From  thi«  rule  th:  oiTjgcnif ed  »1»  of  iron  mott  be  ocefted.  Ib 
them  sulphuretcd  hydrofCD  occi«o(»  a  j^Rcxpitue.  Tins  prtdpuafte  ii 
flalphnr,  thrown  dovm  Ky  the  JecomjxMitioQ  of  the  niplivrtted  hjdr^ 
g*n ;  &f  tkc  »ni?  umc  the  sC:  ioKt  a  porticn  of  iu  ^ix^gtii. 
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prodigious  torrent  of  gas  U  extricated,  which  Dr  Priest-     Ciipm» 

ilcy  found  to  be  a  mixture  of  nicroui  cxide  and  nilric 
oxide.  During  this  action  ihe  iron  Js  oxidized  to  a 
■nudmomf  and  a  red  powder  precipitates,  connsiing 
probably  of  oxynitrate  with  excess  of  base.  These  phe. 
Bomena  have  been  long  known  ;  but  il  was  not  till  bE1> 
let  Mr  Proust's  Rtstarcbti  on  the  prutiiatet  of  Iron  that 
the  existence  of  two  salts  consisiing  of  ihis  acid,  coow 
biacd  with  each  of  the  oxide*  of  iron,  was  well  ani^a^ 
stood  by  chemists.  It  is  the  oxyniVate  of  iroa  wlitch 
is  obtained  by  ihc  usual  process.  Mr  Proust  mtrely 
wuounced  the  existence  of  the  simple  nitrate,  but  it  hat 
-^ince  been  examined  by  Mr  Davy. 

1.  NuraU  of  Iron.  When  nitric  acid  ofthe  specific  Pomstka, 
gravi^  t'lO  is  poured  upon  iron,  it  acts  upon  the  me. 
lal  but  slowly,  no  gas  being  given  out  for  some  time. 
The  solution  becomes  of  a  dark  olive  brown  in  cot)se- 
qnence  of  the  nitrous  gas  which  it  holds  in  solution  ; 
but  when  exposed  to  the  air,  it  becomes  pale,  because 
tfiat  gas  combines  with  oxygen  and  is  converted  into 
sittic  acid.  When  allialieB  are  poured  into  it,  a  pale 
ifreen  precipitate  falls,  consisting  of  iron  oxidized  to  a 
mimmiun.  This  solution  absorbs  nitrousgas.  It  can- 
oot  be  ooncentraled,  nor  even  heated,  without  being 
converted  into oxy nitrate  *. 

S.  Oxyttttrau  of  Iron.  This  is  the  salt  obtained  when 
iron  is  treated  with  strong  nitric  acid,  or  when  the  ni- 
trate is  heated  or  left  exposed  to  the  air.  The  soluttoQ 
is  of  a  brown  colour,  and  does  not  yield  crystals.  When 
cvaporaied,  it  lets  fait  a  red  powder,  not  afteiwardt  so. 


IuU9  ill  ailTtQ  bchI  i  aai  spmctimri  wbcn  concentrated 
i^aniea  the  form  of  a  jelljr.  When  iCronglj  bested, 
Uie  Hcid  ii  disengaged,  and  the  oxide  remaini  ia  the 
fwtn  of  a  (ine  red  powder.  Hence  solution  in  nitric 
acid,  cvnporaiiog  to  dryiwst,  and  digesting  the  residuum 
in  water,  is  the  metliod  reoomircndcd  b^  Bergman,  and 
formerl]^  praciised  by  cheinisis,  to  separate  iron  from 
earths.  The  iTon  and  earths  are  lirst  dissolved  tog<- 
tbv  in  nitric  acid  ;  by  the  evaporaiion  to  dryness,  and 
a  strong  beat)  the  nitrate  of  iron  is  decomposed,  while 
tlie  earthy  nitralei  leinain  unaltered.  They  ate  oC 
course  dissolved  by  the  water,  but  the  red  oxide  of  iroa 
is  left  uniouchcit, 

yau<]iietin  has  lately  discovered  a  method  of  obtain- 
ing the  ozynitraie  of  iron  in  crystals.  When  conccatrm* 
led  nitric  acid  is  kept  for  some  months  in  contact  witll 
the  black  oxide  of  iicn.  solution  slowly  takes  plac^ 
and  crystals  neatly  colouilessareformed,  which  have  tbe 
figure  of  rectangular  four-sided  prisms,  terminated  b/ 
dihedral  ridges.  These  crystals  have  an  acrid  and  ink/ 
taste,  and  arc  very  dcliqncscent.  Their  solution  in  wa- 
ter bas  a  red  colour,  aiid  the  alkalies  precipitate  fntn 
it  red  oxide  of  iron  *. 

Sj>.  2.     HyferoxynturtaU  of  Jmn. 

Whzn  a  current  of  oxjmuriatic  scid  t>  nude  to  puj 
through  water  having  red  oxide  of  iron  difi'used  througb 
ir,  the  oxide  is  dissolved,  though  with  considerable  dtf> 
ficulty.  But  Mr  Cheaevix,  to  whom  we  are  indebted 
for  thia  experimcoi,  bw  not  examined  the  ^ ropcctua  tA 


•  Fonrcrori  'i-  *oj- 


ifce  hypCTO^eynmriatc  which  must  be  formed  during  the     Cl»»^ltt  | 
process. 


Ml 


II.  Incombustible. 
Sp.  9.     Muriated  Iron. 


fVKIATlC  ACID  kttacKs  iron  vittti  g^real  rapidity  ; 
^Sfixa^a  gis  is  ctnttrtd  in  conseqiietice  of  the  decoro- 
positioD  of  water,  sod  the  iron  is  oxidized  uid  dissolved. 
This  add  dissolvei  likewise  th«  oxides  of  iron  much 
more  readily  than  any  other,  and  fur  that  reason  it  Is 
usaatly  employed  to  take  out  iron-marks  from  linen» 
and  to  remove  particles  of  rust,  which  often  adhere 
with  great  obstinacy  to  glass  vessel).  Muriatic  acid 
combines  both  wiih  the  black  and  red  oxides  of  iron, 
and  forms  with  each  of  tlicm  a  peculiar  salt,  the  pro- 
perties of  which  have  been  lately  described  by  Mr  Da- 
Ty.  Their  existence  had  been  pteviously  pointed  out 
by  Proust.  The  common  muriate  of  iron,  usually  ob- 
tained by  dissolving  iron  cr  its  oicides  tn  mtiriatic  acidt 
is  X  mixture  of  ihese  two  salts. 

1.  Muriate  of  Iron.  When  iron-tilings  nre  dissolved 
in  muriatic  acid,  liie  solution)  provided  it  be  excluded 
from  the  air,  is  of  a  pale  green  colour,  lUid  yields,  when 
evaporated,  crystals  of  muriate  of  iron  of  a  pale  green, 
which  are  extremely  solulilc  in  water,  and  soluble  also, 
according  to  Davy,  in  alcohol.  The  solution  attracts  Projierti«»  j 
oxygen  from  the  air  and  from  nitric  acid.  It  absorbs 
nitrous  gas  even  in  greater  quantity  than  sulphate  qi 
iron,  and  acquires,  when  saturated,  a  dark  brown  co- 
lour, and  a  much  more  astringent  taste  than  muriate  of 
iron  in  its  usual  state.  When  healed,  the  greatest  part 
of  the  gas  is  driven  ofT,  some  red  oxide  of  iron  is  preci> 
pitalcd,  and  some  ammonia  formed,  precisely  as  hap- 


ptni  to  R  ■aluliim  of  »ilptiate  of  iron  impregnated  tvith 
nitroui  gat  *.  This  salt  may  be  formed  \ny  readily 
by  dii>ulvin{[  tulphurot  of  iron  in  muriatic  acid  (  the 
lulpliurttcd  hydrogen  i;atevolve<!  preventing  iha  ab- 
lorption  of  oxyjten  from  the  aimocpberet* 

«■  Onjfmm^att  of  Inui.  Thti  salt  may  be  fbmmi  by 
iliiao]Tin)[  the  red  oxide  of  iroo  in  muriatic  acid,  by 
mating  the  tnuriMc  of  iron  with  nitric  acid,  or  siinply 
by  expo«iii|;  it  in  tolution  to  the  air.  The  toluiiaa  of 
this  uli  ii  of  a  deep  brown  ;  its  odoor  is  peculiar,  and 
i|«  taiite,  even  when  much  dilated  with  water,  is  exceed* 
ikgly  aslrinff  (It.  WIwq  cvaponted  to  dryness,  it  yields 
an  utvcrnn  Mi  table  oraoge-cotoured  mass,  which  ddi> 
^•ac«4  in  the  air,  and  is  lohible  in  alcohol.  This  salt 
l^t  H  ytUow  tinge  to  animal  and  rcgerablc  subuxncc*. 
tt  ii  the  caM  with  oxymuriaiic  acid.  Wheo  mlphnnc 
acfd  is  pouted  npoo  it,  the  odour  of  oxymunadc  acid  ia 
fMv«piibW.  Tliis  tall  does  not  absorb  aitnns  gu. 
Wk«  uilphurc«ed  hydrogen  gas  it  made  to  p«B  tbnogk 
U.  part  «f  the  oxygen  is  abstracted,  asd  tbe  adi  is  cott- 
WTted  into  tautitic  of  iron  !■ 
^   WbMtAitnhw  dttiMi^  m^mmiilm-^MiaaM 

sik  'ni»idiiia»ft— <m< niihiiMimig 

ifclWibtiia  W  p^iMlrf  kjr  iIk  apfKcMMs  ifflMft. 

lk«Mf«niiri (a  <iyaBa»  Ae  wbok  «kaaMM«%  aat 

fe*«a««r  iatteit>i»af«rywtniM.  b«t«Ca»fk  «»• 
xblK  wUcb  n  cajatte  «f  ccystaBizmg.     TW  tuftA  «f 
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htie  changes  are  easily  explaiord.    Oxyonuriatc  of  iron    Ctup.  Ut-^ 

ontains  more  acid  than  muriate.       This  excess  flies 

(T,  and  carries  with  it  the  second  do&e  of  oxygeo  of  tti« 

xidct     The  iron  ihus  reduced  to  the  state  of  black  ox- 

le,  auUimes  in  conibiaatioD  with  the  rest  of  the  mu- 

isttc  kcid  *. 

Sj}.  4.     Suiphated  Iron. 

CoKCKNTRATED  solpliuric  >cid  acti  but  ftxj  %\bvt\y 
ipon  iron,  unless  it  be  assisted  by  heat.  In  that  case 
be  metal  is  oxidized,  and  sulphurous  acid  gas  exhaled. 
Wl  dilated  sulphuric  acid  dissolves  iron  with  great  ra- 
idity,  and  abuodance  of  hydrogen  gas  is  ecEUtied.  la 
liis  case  the  water  is  decomposed  ;  its  oxygen  com- 
lines  with  the  iron,  while  its  hydrogen  is  emitted.  The 
DiutioD  has  a  green  colour,  and  when  evaporated  ita- 
nediately,  yields  crystals  of  tmifbate  of  iroti ;  hut  iftf* 
>wed  to  remain  exposed  to  the  atmosphere,  it  gradi^ 
Uy  attracts  more  oxygen,  and  is  cooverted  into  oxy~ 
mlpbatt,  unless  it  contains  an  excess  of  acid ;  which 
etards,  and,  whca  tfaflicicntly  abundant,  prevents  the 
hrnige. 

X.  SuJfbaltof  Irca.  This  sftll  was  knowe  to  the  aa-  Hi««r}^ 
ients,  and  is  mentioned  by  Pliny  ander  the  names  of 
niy,  tory,  and  cakhaetum  +.  In  commerce  it  is  usual- 
y  denominated  grem  mtriol qt  copptt'mt.  It  isROt  pr&> 
laied  by  dissolving  iron  in  sulphuric  acid,  bntby  tDoisu 
;ning  the  pyrites  which  are  found  n^itive  in  abundanoev 
ind  exposing  them  to  the  open  air.  They  arc  slowl/ 
yattxtA  with  a  crust  of  sulphite  of  iron,  which  is  dis- 


■  Sec  oo  ihiiBibjcct  ibc  tipciis 


u  of  the  Dm:  d'AjsL 


solved  in  water,  and  afterwards  obtained  in  ciyslals  br 
■  evapnrattaii.  Sotnctimrs  the  salt  is  found  ready  foroicdi 
cither  in  x  Mate  of  solution  in  naicr  or  mixed  with  de- 
cayed pyrites.  In  some  eases  il  is  fouiud  necessary  to 
toast  the  pyrites  before  ihey  can  be  rnade  to  undergo 
spontaneous  derornposiiion.  This  is  most  probably 
owing  to  the  compact  slate  of  the  pyrites  in  these  cases, 
and  the  absence  of  iall  uncombined  iron.  Pyrites  is  in 
(act  a  super  sulphurate  of  iron<  The  roasting  redncet  it 
to  the  slate  of  sulphuret,  which  decomposes  very  readi- 
ly. The  solution  always  conlRins  an  excess  of  acid. 
Hence  it  is  nocessary,  in  ordtr  to  obtain  the  salt  in  cryu 
Wis,  to  throw  into  it  a  (juaniity  of  old  iron. 

Sul[)hate  of  iron  ha*  a  fine  green  colour.  Its  c^S- 
tsli  nrc  transparent  rhomboldal  prisms,  the  faces  of 
which  =tre  rhombs  with  Bnj(les  of  "iD"  Srj'and  lOO*  10, 
ilMinod  to  each  other  nt  angles  of  ua''  .t7'and  81"  23' ^ 
ft  has  a  very  strong  styjiiJc  taste,  and  rIwbvs  reiUcni 
vegeiablr  bhiei.  Iti  specific  gravity  is  l-SSOOf.  It 
is  soluble  in  about  two  parts  of  cold  water,  and  in  4^g 
«f  it»  weight  of  boiling  water.  Jt  is  insoluble  in  alco- 
hol. When  exposed  to  [be  nir,  its  surface  gradaally 
WcoiiiBi.ot»«qn^  aniliv«ov«red  wilh.a-jeUow'p8qnfer ; 
%eaaiBTif  ibsoHw  otjg'ta,  And  is  .puttall^  ■onnmci 
Aaroxjinlidute.  Thiscbange  takciuplan. nqpoh .^«« 
a^dtr  and  compl«Wly  if  ihe  tah.  bt  inoistgttad  -irith 
ss  18111. ',  The  cause  of  these  phanoineBB  nn  fiist«i^hnic> 


f  HatKnrnir,  jUi.  <lt  Cl'i.  iivili,  ts.  According  to  Waltsrini,  the 
specific  gnvit]F  la  i  fiSo  (Cf  >«>>,, p.  a6£.) ;  tcatrding  Vt  Or  WattMi, 
»-Sn  [Eimii,  V.  67.) ;  when  ciUIiied  fo  w 
become*  i-fij6  (Wation,  Ibid.) 


ttrf  it'mfclw,  gradimlly  loses  its  water  of  Chip,  ig. 
ihi^alion,  and  by  a  iirong  heat  siilphurit:  add  is 
veil  off,  and  ihcrc  remains  behind  a  red  powder,  for- 
iT)r  known  by  i!ic  name  of  coUolhar  of  vitriol,  which 
ither  a  mixture  of  rtd  oxide  of  iron  and  oxyiulphalc, 
ptlre  oxide,  according  to  the  heat  applied.  When  this 
lis  distilled,  there  ccmes  over  first  water  slightly 
lulsled  with  sulphuric  acid,  and  afrcrwards  a  very 
m^  futning  acid,  formerly  known  by  the  name  of 
rial  oil  of  vitriol,  and  which  is  now  knowu  to  be  a 
npAiind  of  sulphuric  and  sulphurous  acids.  The  re- 
imin  is  the  same  tnixture  of  oxide  and  oxysalphate 
ich  is  obtained  by  calcination  in  the  open  air.  This 
oroposiiion,  which  sulphate  of  iron  undergoes  when 
itedf  enables  it  in  many  cases,  in  a  high  temperature, 
act  nearly  the  same  part  as  sulphuric  acid.  Hence 
I  often  employed  by  manufacturers  to  disengage  the 
iker  acids  from  their  bases. 

fhis  salt,  according  to  (he  be^t  analyses  hitherto  made, 
Ipsed  of  the  following  proportions  : 


jto^se 
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Acid 

20 

26-1 

39 

BaK 

2S 

28-3 

23 

W.t<:r 

4S 

45-0 

38 

Toul 

100 

100 

100 
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_Bo<jk  n.     It  cannot  be  doubtea,  I  think,  that  the  black,  oxide 
BhnlonTtl.    .  .,,         ...       -.         ,        .,  . 

fc»  y    »'   iron  IS  capable  of  combining  inttmately  with  WMixt,  ant 

Hydnre  of    of  forming  a  byiiraK,  as  well  as  the  oxide  of  copper. 

The  colour  of  this  hjdrate  '\i  grten  i  hence  tlie  reuos.  _ 

&,ax  die  black  oxide  of  iron,  when  precipitated  frocD,li 

ids  by  meaas  of  sikaliei,  has  a  green  coloar.     It  is| 

le  state  of  bydrate.  When  the  water  is  driven  off  Ij 
«at,  the  oxide  assumes  its  natural  black  colour. 
4xide,  which  eonstilutes  a  part  of  the  sulphate  of  i 
ii  also  combined  with  water,  and  in  the  state  of  a  hj| 
drate.  Mr  Kirwan,  therefore,  has,  with  great  props 
ety,  distinguished  between  the  water  of  cry  stall  izatitj 
and  that  part  which  is  a  necessary  constituent  of  t 
salt. 

When  the  crystals  of  sulphate  of  iron  are  modcrat 
heated,  they  assune   at  first  a  white  colour  ;  the  s: 
change  of  colour  is  observed  when  the  salt,  in  the  v 
of  powder,  is  infused  in  alcohol.    Hence  we  see  the  S 
paration  of  the  wuer  changes  the  colour  from  green  I 
white  i  and  if  water  be  now  ponred  oa  the  white  po^ 
der,  it  becomes  again  green. 

The  sulphate  of  iron  is  decomposed  by  the  alkalMd 
phosphates  and  borates,  and  by  the  greater  number  i 
those  salts  whose  base  forms  an  insohible  coRipoiu 
with  the  sulphuric  acid,  as  nitrate  of  silver,  of  lead,  \ 
barytes,  &c. 

Thenard  has  lately  pnblished  a  number  of  experimcDlK 
on  this  salt.  The  crystals  of  copperas  are  sometim 
of  a  dark  green  colour,  sometimes  of  a  light  emerald 
green.  Dyers  prefer  the  first  variety,  and  dislike  tb« 
light  green  crystals,  alledging  that  they  do  not  answer 
SO  well  for  their  proceises.  According  to  Thenard 
the  dark  coloured  crystals  consist  of  sulphate  of  iton^  I 


aioir. 

ligbt  coloured  ones  of  su persulphate  of  iroh.  The 
exces%  of  acid  in  ihc  latter  prevents  tbein  from  parting 
so  easily  with  the  oxide,  imd  therefore  renders  them  less 
uwful  as  a  dye  stufF*.  This  explanation  appears  plau> 
sible  ;  but  upon  analysing  specimens  of  both  varieties, 
I  finod  the  diiferenGe  of  acid  hardly  to  exceed  I  ptr 
emt.  The  excess  was  in  the  light  coloured  crystals, 
but  it  appears  a  great  deal  too  small  to  account  for  the 
different  appesrBnces  which  the  salt  assumes. 

According  to  Thenard,  besides  the  sulphate  and  sti> 
persulphate,  there  arc  other  two  salts  of  iron,  containing 
the  metal  in  a  higher  degree  of  oxidizemenl.  The  first 
is  neutralt  has  a  brown  colour,  does  not  crystalliie,  and 
is  not  easily  changed  by  exposure  to  the  air.  Iron  con- 
vertsit  into  sulphate.  This  salt  he  considers  as  acom^ 
hination  of  sulphuric  acid  and  gfeen  oxide  of  iron  ;  but 
tbe  existence  of  this  oxide  has  not  been  established  in  n 
»iicfactory  manner.  The  other  salt  crystalliiies ;  the 
crystals  have  an  etOErald  green  colour,  and  are  not  aU 
tered  by  exposure  to  the  air.  This  is  a  supersalt,  and, 
according  to  Thenard,  is  compoied  of  the  same  green 
oxide  and  sulphuric  acidt 

2.  OxymlpbaU.  This  salt  exists  ready  Formed  in 
what  is  called  the  mother  water  of  vitriol,  or  the  bfown 
liijuid  which  remains  after  all  the  sulphate  of  iron  has 
been  extracted  by  cryatalliZfltion  from  those  waters 
■which  contain  it.  The  properites  of  this  salt  were  firsi 
accurately  described  by  Mr  Proust.  It  may  be  formed 
y>j  exposing  the  solution  of  sulphate  of  iron  to  the  open 
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^gWfc  ti''    itif  fSr  some  time,  or  by  pouring  tnio  it  nitric  mciJIj  inf 

k__,-—    applyini;  heat*. 

Thi&  salt  has  a  yellowish  red  colour.  It  does  not  af- 
ford trystuls;  and  when  evaporaled  to  dryness,  soon  at— 
tcacls  ntoislure,  aiid  becoones  again  liquid.  It  Js  ex- 
ceedingly soluble  id  water,  and  hIko  in  alcohol.  By~ 
ibia  last  liquid  i(  may  be  Bcparated  from  the  sulphate 
of  iron,  with  which  it  i«  always  mixed  in  the  vitriol  aW 
commerce.  Wlivn  exposed  Ig  the  air,  it  gradually  de. 
posttes  red  oxidct  «r  rather  oxyaulphstc  with  excaai  of 
bue. 

A  Kreat  nomber  of  nifastniicca  have  the  propeity  of 
depriTing  this  sail  of  im  excess  of  oxygen,  and  of  con. 
nvrtiag  it  into  snlphale  of  iron.  This  is  tlie  case  with 
ilOB.  When  the  solution  of  oxysulphaie  is  mixed  with 
iron  filings,  and  kept  for  some  time  in  a  well. covered 
vessel,  part  of  the  iron  is  dissolved  by  abstracting  the 
second  dote  of  oxygen  from  the  o\ide,  and  the  whole  ia 
converted  into  sulphate.  The  same  change  it  produced 
by  (in,  and  probably  also  by  all  the  salts  of  tin  which 
contain  that  metal  combined  with  a  minimum  of  oxy- 
gen. Sulphureted  hydrogen  produces  that  change  in- 
stantaneously when  made  to  pass  through  a  solution  of 
oxysulphate  t.  That  gas  has  the  property  of  reducing 
the  oxides  of  iron  to  a  minimum  of  oxygen  ;  but  it  does 
not  bring  ihem  to  the  metallic  slate.  Hence  the  reason 
that  it  does  not  precipilatc  iron  from  its  solution  in  a- 
cidi. 


•  Dnricg  thia^lungc  i  quuititr  ef  smmonis  it  aln  roriHit.  Hcnte 
not  011I7  tkc  ritrie  icld  but  mnc  witer  alw  i>  dtccropoNd.  Sac  DivyV 
/I(i«r<i«,p.lJ7. 
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the  oiIiQT  hand,  all  those  bodies  which  pact  with    Ch^nT^ 
oxjgm  very  readily,  convert  the  sulphite  ot  iron  into 
oxytulphate.  Hence  this  change  is  produced  by  the  ni- 
cric  and  ox/munatic  acids,  hrtheoxytnoriates,  the  mu- 
riate of  gold,  £cc. 

The  solation  of  5ul|ih>le  of  iron  has  the  property  of  Alxothtni.  1 
absorbing  a  great  quantitr  of  nitrous  gas,  and  at  the 
same  time  it  acquires  a  yellowish  colour.      When  this 
solution  is  heated  without  being  cspotcd  to  the  air,  the 
greatest  part  of  the  nitrous  gas  is  driven  off  unchanged  ; 
but  a  small  portion  of  it  is  deconnposed,  a  little  red  ox- 
idc  of  iron  i*  precipitated,  and  some  ammonia  formed, 
owing  to  the  decompodiion  of  a  little  of  ibc  water  of 
[he  solution,  and  the  combination  of  its  hydrogen  with 
ibe  azote  of  the  nitrous  gas.     From  the  experiments  of 
Mr  Davy,  it  appears  tliat  Oin  parts  of  a  solution  of 
sulphate  of  iron,  of  the  specific  gravity  l'4,  absorb  5'12 
pans  of  nitrous  gas ;  4'28  of  these  are  emitted  unalter^ 
ed  on  the  application  of  heat,  and  1*44  are  decomposed. 
This  Tngeniaa*    gentleman  calculates  that  one  part  of 
Walet  was  also  decomposed  ;  thai  the  oxygen  fucnishcd 
bj.ilicK  two  bodies  amounted  to  i'A5,  and  that  it  com- 
bined with  4' J  part!>of  blacli  oxide,  and  occasioned  the 
precipttatien  of  S'75  pans  of  brown  oxide,  which  was 
doobden  in  the   stale  of  oxysulpbste  with  excess  of 
bsse.  Hence  the  ammonia  formed  must  have  amounted 
to  about  0'6  •.     The  oxysulpbate  of  iron  has  not  the 
property  of  absorbing  nitrous  gasf. 

Tbe  sulphatnof  iron  has  the  property  of  uniting  with 
^MBjr  other  metalline  sulphates,  and  forming  a  variety 
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^'lii    '■^tripIcialtscoteBBnydccotnposcd.  The  noH remark-   ~ 
f-mj   sblc  are  the  following  : 

J.  Sulphate  of  iron-and. copper 

S.  Sulphate  of  iron.and-iinc 

3.  Sulphate  of  iron-and-nickel. 
In  tocne  cases  it  combines  with  two  sulphate*  at  once.^ 
and  forms  a  kind  of  tjuadruple  uli.     Liokc  hat  noDcc£ 
the  following : 

1.  Salphaie  of  iron.zinc-and.nicke) 

2-  Sulphate  of  iron-copper-aiid.nickcl. 
I(  combines  also  with   alkaline  bases,   and  forms  aoo. 
ther  kind  of  triple  salts.     The  following  has  been  no> 
twed: 

1,  Sulphate  of  iron-and-potash. 

5^.  5.     Sutphite  of  Iron. 

SutPKUROUS  ACID  nttacks  iron  with  rapidity,  mudi 
heat  is  produced,  and  the  solution  assutncs  at  first  a 
brown  colour,  which  gradually  passes  into  a  green. 
During  this  solution  no  hydrogen  gas  is  emitted  except 
a  few  bubbles  at  first.  The  iron  is  oxidized  at  the  ex- 
pcnce  of  the  acid,  pan  of  which  is  decomposed  ;  its  ox- 
ygen combines  with  the  iron,  and  converts  it  into  black 
oxide,  while  its  sulphur  combines  with  the  sulphite  of 
iron  as  it  forms.  The  sail,  therefore,  which  is  obtained 
by  this  process,  is  not  pure  sulphite  of  iron,  but  that 
salt  combined  with  sulphur.  These  phenomena  were 
Sntdetcribed  by  Berthollet*.  Wbea  — V'I'tht  mM 
pr  muriatic  acid  it  poured  into  ihii  lolutioa,  the  ki^Ihu 
rons  acid  ii  disengaged  with  effertrcKeooe }  ■nd  if  ibcM 
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•ad*  be  added  in  sufiicieatquaauty,  a  portion  of  sulphur    _Cb*p.  nL_ 
faprec--pitated. 

When  the  Bolmion  is  expoM^  to  the  air,  orjotsls  of  Virittict. 
ntlph/i:  of  iron  are  fonuedt  and  at  the  same  time  a  red 
powder  is  deposited,  ptobabl^  consisting  of  oteysulphite 
tlf  iron  with  excess  of  base,  and  con^bined  with  sulphur. 
The  crvstnls  dissolved  in  water  and  exposed  to  the  air 
«re  gradually  converted  into  sulphate  of  iron  ". 

Thus  ihete  are  two  varielien  of  sulphited  iron,  timpU 

^v/phile  and  lulphurtted  stilptiile.       The  6rst  of  these  is 

ioaoluble  in  8]>:ohol  ;  but  [hat  liquid   dissolves  the  u- 

-^sood  :  the  first,  when  exposed  to  the  air,  is  coDverted 

anto  sidphkte,  but  the  second  remains  unaltered  f . 

5^.  a.  Phoiphatfd  Jron. 
PttOSFUORiC  ACID  has  but  little  action  upon  iron. 
■^However,  if  that  metal  lemain  exposed  (o  the  contact 
of  phosffhoric  acid,  or  even  to  the  solutions  of  sails 
which  contain  that  acid,  it  is  gradually  oxidized,  and 
coQTCTted  into  phosphate  of  iron.  The  properties '•t 
pbospbated  iron  have  not  been  examined  wi  th  attention. 
£cheele  has  shown  that  the  acid  combines  with  both 
oxides,  and  forms  of  course  both  z phosphate  and  my- 
|ifto^a'' af  iron.  Fourcroy  and  Vauquelin  have  lately  wicdo 
■tcertained  that  there  are  two  varieties  of  this  last  salt ; 
one  nhich  had  b<;en  already  described  by  Bergman, 
Meyer,  Klaproth,  and  Scbcelc,  and  another  with  excess 
of  base,  and  consequently  a  tuborypboiph/He,  which  these 
|>hilosopheT»  fim  observed. 

1.  PbotpbaU  of  Iron.    When  sulphate  of  iron  dls^ 
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•olv«d  in  walcr  is  mixed  wttb  b  solution  ol'  plu»(>hKte 
ofpolash,  a  blue  powder  prccipiiales,  which  is  pbat> 
phateof  iron.  This  powder  is  insoluble  in  water,  end 
docs  not  lo»e  ill  colour  whca  exposed  to  the  air  * .  This 
sail  ii  found  native,  and  constilutcs  the  colouring  mat> 
ler  of  a  blue  tninersl  called  native  fnuiian  hlue,  found 
in  bogs,  and  iint  analysed  by  KUproih.  Nativt  fnif- 
lian  hlue,  as  it  is  called,  when  dry  out  of  the  eartti,  is  at 
first  often  colourless ;  but  when  exposed  to  the  air,  it 
becomes  blue.  The  cause  of  this  change  has  not  been 
ascertained. 

This  salt  has  been  lately  found  native  in  sioaU  prib 
malic  crystals.  Specimens  of  it  have  been  brought 
from  Brazil  and  the  lile  of  France.  Its  colour  is  a 
light  blue  ;  it  in  partly  transparent  and  partly  opaque. 
Before  the  blow>pipc  it  runs  into  n  metalline  globule. 
When  heated,  it  assumes  the  red  colour  of  pcroside  of 
iron.  It  dissolves  readily  in  nitric  acid.  Its  specific 
gravity  is  S'fi-  By  the  analysis  of  l^ugier,  aa  confini^ 
cd  by  Fourcroy  and  Vautjuelin,  it  is  compo^ied  of 

3i3dd 

.  :    *5protwide     ,      .^  .j;.^,{.i 
S4  water  ,,1,. 

loof  '■'    ■  '  - 

g.  OxyphosphMt  »/ Im.  Thia  atlt  may  bf  leadilf 
procniKd  b/  mixmglogettawihe  aolatioaaof  uyaiuflNe 
of  iron  and  pfaosphaleof  potMhor  aoda.  Awbite  pow- 
der immediately  falls,  which  ia  wiyphoqibui  of  ii««- 
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8  salt»  4ike  diDOsi  all  the  ph(Mpbiftai»  U  pcil^ff  pm^  Uh 
\m,  but  precipiteted  uodecqmpoted  by  innnpnisy 
Imost  insoluble  in  water,  at  it  re^res  miKe  than; 
paru  of  that  liquid  to  4is«olve  one  part  of  .px^rr 
late.  Whien  heated  violently,  it  melts  into  an  aa)i- 
ed  globule  \     When  mi|H4  ^iUi  ch^r^al^.and 

to  redness,  it  is  converted  into  phosphuret  of  iron.f 
^uboxypbospkaiio/from.  Wb^n  )he  oxyphospbate 
I  is  treated  with  the  pure  fixed  alkalies,  a  red,  o^ 

brownishored,  powder  is  separated,  while  th& 

combines  with  phosphoric  .acid.  This  powder 
camined  by  Fourcroy  and  Vauquelin^  and  found- 
;m  still  to  contain  a  portion  of  acid.  It  is  there- 
nerely  oxy phosphate  with  excess  of  base.  This 
scarcely  soluble  in  acids  or  in  water ;   but  it  dis- 

readily  in  the  white  of  an  egg^  or  in  the  serum 
9d,  and  communicates  to  these  liquids  a  brown  or 
>lour.  Its  solubility  is  increased,  and  its  colour 
ened,  by  the  presence  of  a  portion  of  fixed  alka- 
This  is  the  salt  which  is  supposed  to  gtv^  a  red 

to  the  blood. 

Sf*  7.     Carbonated  Iron, 

J7ip  carbonic  acid,  when  kept  in  contact  with  iron, 
s  it  slowly,  and  dissolves  a  suflicient  quantity  of 
::quire  a  sensibly  chalybeate  taste.  When  expo- 
the  air,  the  iron  is  gradually  precipitated  in  the 
»f  oxide  1 9  suid  by  boiling  it  is  deposited  in  the 
>f  a  yellow  ochre,  still  retaining  a  portion  of  acid. 
;:arbonate  often  exists  native  in  mineral  waters. 


fgmao,  ul  1 18.        t  Fourcrox,  tJL  15a.        }  Bergman,  i.  $^. 
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gndoally  beoaoiet  Mack  if  the  coBteol  of  air  booau 
ctodoo* 

The  earbomle  of  iffoa  htt  boea  found  «aim  eiTtld- 
Ksod  in  riiombo  «l  Enlcnloh  in  Barenth^  a  miamti-  lalD» 
If  dflicribed  and  aaaljted  %]r  Buchols.  Iiaiaoaiefihat 
ttaatparent,  has  a  gi«enith*7ellow  cokmr*  it  brittt^ 
oastlj  ponnded,  and  of  tbe  specific  gnmtj  S*S3S.  It 
dinolTCS  slowlj  in  acids.  lu  constitiients,  aa  asoer* 
tabed  bj  Bodiolz,  are  30*0  acid 

50*5  protoxide 
^•0  water 

9V5 

This  mineral  has  the  curious  property  of  boconu^g  a 
permanent  magnet  when  it  is  heated  red  hot  ^. 

Rust  maj  be  ooosideced  as  a  carbonate  of  iron  i.  foe 
](t  consists  of  the  oxide  of  that  metal  combined  with 
carbonic  acid.  HcDce  it  dissolves  in  acids  with  offer- 
▼escence,  and  when  heated  gives  out  carbonic  acid  gas : 
the  residuum  in  that  case  is  black  oxide  of  iron  f  •  Its 
brown  colour  seems  to  be  owing  lo  the  presence  of  wa^ 
ler.  There  b  likewise  a  subcarbonate  of  iron  which^ 
from  the  experiments  of  Bergman^  seems  to  be  compel 
sed  of  abottt«....«««.«..«.«24  acid 

76  oxide 

loot 
The  liquid  known  by  the  name  of  StahPs  tincture  oT 
Mars,  because  it  was  discovered  by  that  illustrious 
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mist,  has  not  been  eiamined  by  modem  chemisit  j  bnt   ^Qtp.itL 
it  appeus  to  be  a  triple,  or  rather  quadruple  salioe  suhi'itkw- 
compauad.    It  is  formed  by  pouring  a  solution  of  oxy-   JJ^IT^ 
nitrate  of  iron  into  liquid  carbonate  of  potash  :   a  red 
powder  6r3i  precipitates,  which  is  redissolved  by  agi> 
fating  the  mixture.     The  liquid  of  conrte  is  ao  ox^at- 
irocarhmaU  of  potash  and  iron.     But  the  combinaiioa 
is  IKK  pemaneDt ;  for  the  liquid  soon  depesites  a  r«4 
powder. 

Sj>.  8.  Flaate  of  Iron. 
Fluoric  acid  attacks  iron  with  violence ;  hydrogea 
gat  is  emitted,  and  the  metal  oxidized  and  dissolved. 
The  solution  has  aa  inky  taste  ;  and  when  evaporated 
does  not  crysullizc,  but  assumes  the  form  of  a  jelly. 
In  this  stale  it  is  undoubtedly  an  oxyjiuate  at  iron. 
Heat  decomposes  it  by  expeUing  the  acid.  The  same 
effect  is  produced  by  sulphuric  acid.  Fluoric  acid  also 
dissolves  the  red  oxide  of  iron,   and  forms  the  same 


Sp.  9.  Borate  of  Iron. 
BoXACtC  ACID  acts  very  feebly  upon  iron  :  but  bo. 
nte  of  iron  may  be  obtained  very  readily  by  pouring 
liquid  borate  of  soda  inio  a  solution  of  sulphate  of  iron. 
A  pale  yellow  powder  immediately  precipitates,  which 
is  tbe  salt  required.  This  salt  is  insoluble  in  water. 
Before  the  blow-pipe  it  melts  readily  into  a  globule  cf 
Slaskt. 

in.    CoHsusTisLE  Salts. 
Sp.  10.     jieetated  Iron. 
E  acetic  acid  dissolves  iron  with  rapidity,  produ- 


t Id.  CteU'i  ^iuaJi,  L  ii^Eof-Ttant:. 


Jlk. 


ojnt  pa  dEtfvcfetoce,  and,  lika  Um  olliir  aoi4%cit  tom 
%,mlt  with  each  of  the  o^ei  of  tbaiimtali  baltht 
pMfititiet  of  tbcM  §Mh$  havp  not  ^ca  ftyamta^cl  mtli 
KMBPlion. 

.  }•  Acit^i  nfjrwfif  Tbu  salt,  aa  Mr  Davf  affirm^ 
may  be  eatilj  procured  by  disMdving  aiilj^wil  of  iroo 
i»  acelic  aoid  *•  It  yields  by  ay:aponnm  PcgnlfU  of  a 
l^oaa  oofamc ».  10  the  fqnD  pf.ampU  prlanifyf: .  Ii  has  i^ 
sweetiih  styptic  tastepand  its  specific  gravity  is  li'SMtf 
By  exposure  to  the  air^  or  by  ^e  aj>pUcatioa  of  heat^  it 
is  converted  mto  oxaat ate. 

'tf*  Vxacitatg  ofJrifn  is  a  reddtsh-brown-  soliition.  In* 
eamUe  of  yielding  oTstals,  and  assumes  die  fbrta  of  a 
jlBy  'when'  evaporated.  It  is '  deliqnescent  This  salt 
is'^tnudi  employed  by  ealieoe  iMrinters,  bectuae  it  isr 
more  <|fasiljr  decomposed  thiA  any  other  of  'the  ozyge- 
died  ssiti  of  iron,  Tbeypreptare  it  either  by  misBg 
mgeihar  sulphate  of  iroo  and  ai^te  (tf  leai!,  and  leaving 
the  solution  exposed  to  the  air,  or  by  dissdvfaig  imi  m 
an  impure  acetic  acid^  obtained  by  distilling  wood.    - 

The  acetates  of  iron  are  decomposed  by  beat,  and  the 
iroo  left  in  the  state  of  red  or  blacU  oxide,  according^to 
t|ic  temperature. 

Sp.  11.    Succinate  tf  Iroti. 

SucciKic  ACtD  dissolves  the  oxide  of  iron,  and  yields 
by  evaporation  small  brown  transparent  radiated  crys* 
tals  t*  This  salt  is  insoluble  in  water.  Succinic  acid 
accordingly  separates  iron  from  all  other  sofiitions. 
When  succinate  of  soda  is  dropt  into  scAutions  contain* 


a  Jwmsl  oftbe  Royal  Inttltutiom^  i.  308.  ... 

«  •      J     ■ 

f  Hauenfratz,  Ann,  it  Chim,  uviii.  1%. 

\  Wenzei'a  FfnvanAuBaft,  p.  340.  Grfodel*«  Ei1:t- 


■ 

»,  a  brownish  red  precipitate  falls  in  light  M.t^,  P^^J: 
is  succinate  of  iron.    This  «alt  is  composed  of 

61*5  acid  and  water 

38*5  oxide 


lOO'O* 

[lien  has  shown,  that  by  means  of  succinate  of  soda 
lay  be  verj  complete! j  separated  from  manganese, 
cceedy  the  solution  must  be  neutral,  and  the  iron 
Led  to  a  maximum  f.     ' 

Sfi.  12.     Bensidaie  oflrtm* 

IS  salt  forms  yellow  cry staU.     It  has  a  sweet  taste« 
soluble  in  water  and  alcohol.     It  effloresces  in  the 
Heat  disengages  the  aoid  {• 

Sf.  IS.     Oxalated  Iron. 

:alic  acid  .  attacks  iron  rapidly,  and  disiolvea  it 
effervescence,  and  forOa  a  peculiar  aaltwith  each 
oxides.  .  .  's 

OMotate  is  obtained  by  dissolring  irra  or  itaUadE: 
\  }xk  that  acid,  and  evaporating  tfaeaolotion*    Pris- 
\  crystals,  of  a  green  colonr  and  sweet  astringent 
are  formed,  very  soluble  in  water  with  am  excess 
id,  which  fall  to  powder  when  heated.     They  are 
losed  of  ••••••••••55  acid 

45  oxide 

100 
Oxygem%ed  Oxalate  may  be  obtained  by  dissolving 
oxide  of  iron  in  oxalic  acid,  or  by  exposing  the  %st 
to  the  air  in  a  digesting  heat.     It  has  the  form'bf 


t  Bacholt,  Gehlen't  Jmr.  il  5x5.      "  '  '  -  ■  * 

\  Trpininsd«rf,  Anp,ik  Cbim,  il  3x4. 


££S„. 


Mcnor 

tk     •  ycUow  powder  scarcelj  soluble  in  water,  and  iacsjiv 
,"  ble  of  crjstallizing '. 

Oxalic  acid  r«adtljr  dissolves  the  oxides  of  iron  even 
when  combined  with  gallic  acid.  Hence  it  is  often  used 
to  take  spots  of  ink  out  of  linen  ;  and  snpcroxalatc  of 
potash  is  usually  sold  in  this  country  for  thai  purpoM^ 
mder  the  name  o(  etttnfial  tait  o/letfUnK. 

Sp.  14.     Mc/Iatt  0/ Iron. 
Mellitic  ACID   precipitates  iron  from  nitric  acid  in 
the  state  of  an  Isabella  yellow  powder,  which  is  rcdii> 
tdvcd  bj  the  addition  of  muriatic  acid  t< 

^.  IS.      Tartrattd  Iron. 

Tartaric  acid  dissolves  iron  with  effervescence, 
and  combines  with  each  of  its  oxides. 

1.  Tartrate  of  Iron  may  be  formed,  according  to  Ret- 
lius,  by  pouring  tartaric  icid  into  sulphate  of  iron,  mA 
mpplying  lieat  to  the  solution.  Lamellar  crystals  an 
fermed,  sparingly  soluble  in  water,  which  possess  the 
flpopcntcfl  01  tftf  Hate  ot  troA*' 

s.  OifjrMrtHW*  it  Muirfly  (ottaeA  «1mb  ifoa  fafTiwrii 
«ad  tatutiric  inid,  tad  h«st  «pplwd  to  tbe  ala^ga. 
It  bu  »  red  celotUr  dock  Dot  oryttiUiu,  bat  ubhmi 
Ac  form  o£i  jelly  whn  enpotBted. 

^.10.     Citratt9ftra». 

Tbu  Nit  hu  only  been  ezaraincd  by  Vanqulio* 
Citric  acid  diswlvet  iron  slowly ;  the  tolotioo  1|m  m. 
browa  colour,  and  dcpontca  small  crystals  (rf  citraie  of 


t  JBifratb'*  Suf rv>  ^  'f* 


L 


iron.     When  evaporated,  it  becomes  black  like  ink,    Ctap.  nL  ^ 
ductile  while  hot,  but  brittle  while  coM.     This  mass  is 
evidently  oxycilrate  ofiron.     It  is  utTingeni,  and  very 
lUliibleiaHrater. 


Sp.  n. 


Saccoiate  of  Iron. 

precipitate  iron  from  suU 


Sac  LACTIC  acio  docs 
phuric  acid  *. 

Sf>.   18.     Malate  of  Iron. 

Malic  acid  forms  with  iron  a  browa  solution,  which 
doe«  net  yield  crystals  t> 

J/.  If).     Lactate  of  Iron. 
X»ACTIC  ACID    dissolve?   iron,    and  forms   with  it  a 
htown  liquid  not  capable  of  ctyslallizingt. 

Sp.  20.     Suherate  of  Iron. 

SoBERiC  ACID  gives  a  deep  yellow  colour  to  sulphal't 
iron,  but  occasions  no^prewpllate}. 

Sf.  21.     Galiatt  ofiron. 

'«  PsoDsT  first  observed,  that  the  gallic  acid  does 
Slot  occasion  any  precipiraic  when  poured  into  salts  of 
Srancontuning  that  metal  in  (he  state  of  black  oxide. 
3IctK:e  it  follows  that  the  gallaie  of  iron,  if  it  be  forme<l 
3a  these  cates,  is  very  soluble  in  water  and  without  co- 
lour i  but  when  gallic  acid  is  poured  into  the  oxygeaized 
salts  of  iron,  the  solution  becomes  black,  and  a  black 
precipitate,   composed  of  gallic  acid  and  red  oxide  of 

*  Sdwclc,  iL  la  t  Sthnle,  Ctcll'i  .4>m/i,  ii  lo.  Zag-lnvs. 

)  SdMlc,  ii.  fij.  \  Soaillso  Lifnofc,  A*:  A  OSm.  Uiii.  4I. 


iM^ir^  'irdD»  inixjiediatelj  begins  to  fill :  Bat  it  ti  toineiy  toe 
'  '«id  Kght,  that  the  greiter  i^art  of  it  Teintiai  lok^  •BSi 
pended  ;  and  if  a  quantity  of  mucilage  or  •  ajnip  he 
mixed  with  the  soIutioD,  the  predpitato  feaMina  aw* 
pended  altogether.    It  .is  this  aoluj^ipo  which  coostitntci 
J.      -       writing  ini*      But  ink  is  usually  oiade  by  mixing  the 
•aulpfaale  of  iron  of  commerce  with  a  aatorsttd  aolotioQ 
of  nutgalls.    Now  the  sulphate  of  commerce  ia  a  wSa^ 
ture  of  sulphate  and  oxysulphate  of  iron*    That  part  of 
the  iron  which  is  in  the  state  of  sulplhate  forms  at  firs^ 
iWL  colomrless  aolntiaaf  i  but  by  attracting  oxygeo  frooM. 
the  atmosphere^  it  gradually  becomes  blaok^ . 
the  reason  that  ink  is  often  pale  at  first,  but  becomi 
black  when  the  writing 'dfies,  in  tons^pence  of  the  ab- 
sorption of  oj^gen* 

Gallate  of  iron  is  aoluble  in  acids  withoairdtgon^Q 
ntkyn,  but  it  loses  its  colour  in  very  strong  acids.  Henc^ 
the  reason  that  these  aelfls  dAtroy  the  cdout  of  writing— 

Sp.  22*     Trussiatcd  Iron* 

I 

The  combination  formed  between  the  prussic  acic= 
and  iron  has  bedfi  the  object  of  a  great  mtoy Heaeaffches  ^ 
und  has  given  occasion  to  several  cnrioos  and  import** 
ant  discoveries.    We  are  indebted  to  Mr  Prooatfvr  the 

fact,  that  the  prussic  acid,  like  all  other  acids  hitbeito 
tried,  is  capable  of  forming  a  peculiar  salt  with  eadi  of 
the  oxides  of  iron. 

1.  Pntssiate  of  Iron.  This  salt  may  be  formed  br 
pouring  triple  prussiate  of  potash  into  a  solution  of  aoU 
phate  of  iron.  The  salt  precipitates  in  the  form  of  a 
white  powder.  It  is  not  altered  by  sulphuric  and  mu- 
riatic acids.     When  exposed  to  the  air  it  absorbs  oxy* 


tn  willi  great  rapidity,  and  passes  to  the  sWfe  of  o*y-  .""P-  '"; 
nisMate.  Ox^mumiic  and  nitric  acids  produce  the 
ime  change. 
Q.  Ofypnitjiate  tif  Iron.  This  salt  is  formed  when 
iple  prmnate  of  potash  is  poured  into  oxyuilphate  of 
on,  or  into  ihesoliiilon  of  an;  oxygenized  lallof  iron. 
!.  beautiful  blue  precipitate  appears,  which  is  the  salt. 
^  ia  not  sliered  bj  the  acids.  Stilphureted  hydrogen 
k9  converts  it  into  prussiate  by  absorbing  oxygen. 
iTheo  it  is  mixed  with  iron- filings,  and  kept  in  water 
I  a  tlose  vessel,  it  is  also  converted  tnio  pnissiatSi  the 
on  absorbing  the  second  doie  of  oxygen  &om  the  ted 
iide  ". 

IV.  Metallic  Salts. 

Sfi.  23.  Arsmiattd  Iran. 
AkSENic  Acu>  dissolves  iron  when  assisted  by  a  dt> 
ssting  heat ;  and  if  the  experiment  be  made  in  an  open 
isscl,  the  solution  at  last  assumes  the  form  of  a  jelly  ; 
It  in  a  close  vessel  this  does  not  happen.  When  one 
.rt  of  iron-liltngs  and  four  pans  of  arsenic  acid  are 
stilled  together  to  dryness,  inHammation  takes  place, 
id  ax  the  same  time  both  arsenic  and  white  oxide  of 
senic  are  sublimed  f .  Arsenic  acid,  as  we  see  from 
ese  facts,  is  capable,  like  other  acids,  of  combining 
ith  both  the  oxides  of  iron,  and  of  forming  aneniate 
firon  and  o\fl^«nifl(^of  iron.  Both  of  these  salts  have 
ecn  found  native  in  Cornwall,  and  have  been  lately 
Kscribed  and  analysed  with  great  accuracy  by  Boarnon 
lOd  Cbenevix. 


*  Pimn^  Am.  it  C6B<i.  ] 

Fel.  III. 


(SchMle,!. 


1.  Arttmait  o/Inn^      This  salt  may  be  formad  "by 
pouiinguKDisieof  atDnoauintosul{)^atc  of  bon.   The 
salt  precipitates  in  the  state  of  a  powder,  inisluble  in 
wattr.     It  exists  native  crjstallized  in  cubes*  which  in 
some  iniUncei  have  their  alternate  angles  truncated. 
Their  colour  is  usually   dark  green,  and  their  specific 
gravity  3  *.      Whea  heated,  the  iron  attracts  oxygen. 
from  the  acid,  and  passes  to  tht  slate  of  red  oxide, 
while  while  oxide  of  arsenic  sublines.      This  native:: 
sail  is  oeually  cftntaninatcd  wkh  a  little  copper.     Tb^ 
arti&cial  arseniate,  according  to  the  analysts  of  Chcnc — 
Ttz,  is  composed  vf 3»ftcid 

43  oxide 

^^^^^^  *•*  19  water 

XM 

The  nUiTe  (tbctneti^die  iapBritta)  wm  iboadl^ 
AlSBM  MMOMM  dMBbt  toW  MNUOild  of  iWw 

.MWM  ■■.■    '-^■-     *9'--   . 

5>odd« 
ISwtttr 

loot 
tf.  OfcrtimaU  ^flrrn.  This  salt  may  be  foirtied  by 
fcecipitsting  oxyHilphate  of  iron  with  arseniate  of  am. 
Amv  or  by  boiling  the  arseniate  of  iron  in  nitric  acid. 
The  rndTt  aneniate  is  sometifncs  found  converted  iiit« 
(bu  Mlt,  lit  consequence  of  the  absorption  of  oxygen 
from  the  air.  It  has  ihrn  a  browntsh-red  colour.  Ac- 
cording to  the  analysis  of  Chcnevix,  the  artificial  oxar- 
Miuate  is  composed  of 


Mt/.  Trmu.  ilot,  y.  ifi^ 


4S-4  idd 

20-4  water 
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'  Sj>.  34>      Tungstate  of  Iron. 

Tkis  S&lt  exists  native,  and  is  knows  to  mineralo- 
gists by  the  tiame  of  Wol/rofii,  It  may  be  formed  by 
precipiuiing  sulphate  of  iion  by  meansofthetungstates. 
It  is  an  iasolubie  powder,  possessing  properties  similBt 
to  native  tungstate  of  iron.  As  ib  is  native  salt  cootains 
also  manganese,  and  is  not  therefore  a  pure  tungstate  o£ 
iroflf  it  will  be  proper  to  defer  the  description  of  it  to 
the  SzcoMs  Past  of  this  Worki 

Sp.  25.     Molyhdate  of  Irvn. 
TBEAlkaline  molybdates  precipitate  iron  brown  ffotn 
iu  »lUtion  in  seidsf. 

Sp.  SS.     Cotunhate  cf  Iron, 

1  compound  occurs  native  in  North  America, 
^oagh  only  a  single  specimen  is  at  present  known  ) 
the  specimen  from  which  Mr  Hatcbett  extracted  co- 
liunbic  acid.  This  specimen  had  a  dark  brownish-grey 
colour,  a  lamellaled  structure,  a  vitreous  lustre,  and  a 
fpecificgravity  of  5'918  ;  was  moderately  bard  and  very 
brittle.  It  was  decomposed  hy  repeated  fusions  with 
potashf  whieh  abstracted  its  acid ;  and  digestions  in  mtw 


^^   ristic  acid,  which  diisolved  iu  iron.      Its  componcnf 
parts,  according  to  Mr  Haicbctt's  analysis,  are 
21"0  oxide  of  iron 
':7'5  cobunbic  acid 

38-5  • 

V.     Triple  Salts. 

,  j.1^.  »T,      Tartrate  of  Potaih-and-Iron. 

Tnis  triple  talt  was  formerly  called  tartarittd  tint* 

tm't  of  Mari,  cbalyhtated  tartar,  and  tartarisrd  iron. 

It  nay   be  formed  by  boiling  two  pan*  of  tartar  and 

ilM>;«i  ;inn.AiD^  {aenaily,  md*.  iato.«;'puie^' ja 

•;pHfBfii|uaptil]r  oCvKtef*.  >.Th»Ji^W)r.bpnBp«» 

lUn  drpoiitcs  crystals  wbtcVlac*  die  salt  nMMiki    .^i 

•ntphate  of  potash  and  iron-fiiiiiga,.  and  ciJ^tnjU'UfE' 
the  solution.  It  has  been  described  by  Luk.  Tbe 
cryttati  reiem.Vle,tb9se)iCcf«wititri^.  Tbcy  effloresor 
in  the  airf. 

:t.-'  ^;  M.  iiKTtaf  ^  jtmfimma-tmd-ibvm.  .  t 
"^^tS'solt;  which  has  been  lAbg  known,  Is  obttinedi 
^  dissolving  in  water  16  fuxi  of  sal  Mntndtila^  wi^ 
one  parf  oif  oXjtnuriau  of  iron,  evaporating  the  soliu 
tion  to  dryitets,  and  subliming.  The  yellowish  ocua  tn- 
wimed  is  the  triple  salt.  lis  prepcriiea  have  not  bcen- 
eiamined  with  care. 


L  Mineral  Subtuncc  from  North  AoKiifi*.    Hit 


■^.  BO.  Photpbitt  l^jiHrrwoniit-aiiit-Trvit.  ' 
This  triple  sail  has  been  lately  mentioned  by  Poor- 
ctoy.  Ii  was  obtained  by  dissolving  ihe  phospliate  of 
(ron  in  nitric  actd,  and  precipiiating  by  ammonia.  An 
excess  of  that  alkali  redissolves  the  precipiiatc,  tut  it 
ippcars  again  when  the  liquid  is  boiled  for  a  sufTicteiit 
length  of  time.  It  i^  a  compound  of  phosphate  of  iron 
and  tmmonia  '. 


m 


Gekus  XI.    Salts  of  Tin. 


TaotJOK  sev«ral  oftlie  salrs  of  tin  are  of  great  im. 
portuice  in  the  aft  of  dyeing,  and  have  been  known  to 
mutafacttirers  ever  since  the  discovery  of  the  icarlet 
dye,  of  which  tbe  Divide  of  tin  constitutes  a  necesstry 
in^edienl,  it  is  only  of  late  thai  the  nature  and  constlL 
fution  of  these  salts  have  been  examined  with  any  kinfl 
of  precision,  and  that  a  satisfactory  explanation  Int 
been  given  of  the  curious  properties  which  some  of  tfcem 
possess,  and  the  great  changes  to  which  they  are  iiabld 
For  the  progress  which  this  branch  of  the  science  Ti a 
made,  we  are  chiefly  indebted  (o  Adet,  Pellctier,  and 
prottst.  ' 

Tin,  like  iron,  combine*  with  tv»o  doses  oE  oxygetJ, 
and  forms  two  distinct  oxides,  with  each  of  which  seve- 
ral of  the  acids  are  capable  of  combining  ;  and  those 
salts  which  contain  the  metal  oxidized  to  a  minimum 
are  dXnemely  ready  10  absorb  oxjgen,  and  to  pass  into 
<he  stale  of  oxygenized  salt*.  The  salts  of  tin  may  be 
^istirtgoi^ed  by  the  following  progenies : 


Be<4  S.  ].  Matt  of  them  arc  more  or  lut  soluble  ia  WXtefa 

>--— ,-?~'   tnd  the  solution  hu  usually  ^  yellowish  or  broir&itl) 
P^^""'    ti^S^r  1"^'  'S  sotneiimet  colouilcw. 

2.  Triple  prussiatc  of  poissh  ocnsions  a  white  preciv 
pitate  when  dropt  into  th?sc  solutions. 

3.  Bydrosulpliuret  of  potash  occauom  ■  t)rown-b|ae)( 
•rccipitatp  in  the  sails  containing  th^  protoxide  of  tin f 

mr         I  ^  golden  yellow  precipitate  in  those  that  conuio  tb|  . 

peroxide. 

4.  Nnther  gallic  acid  nor  the  infti^ion  of  naig»lli  ooi 
Asions  any  precipitaic. 

5-  Corrouve  sublimate  throws  down  a  black  pred> 
pitate  from  the  salts  of  tin  containing  ihe  protoxide,  t 
while  precipitate  frofii  thoie  ibat  contain  ihe  peroxide. 

a.  Wicn  a  plate  of  lead  is  pat  into  »oinc  aoluiiont  of 

fim't>(«t^Ht  motaiU'iwp««ie«  «*t»jniik»,«M^iC 
pitpl,.or«|Fvhitl  o«id»i'^¥*t.a)i«4eM  *pt.fi|ip|IMJI 

0tfrj.mllH^..9f^-:.-i     V    ■■    :    .  ■    .      ■       :,-.■...., J,,    i^- 

„  ,|/Wb.q»,p»i»i9t«ofgoldi>po«r9dio^ap^itiQ«M% 
pWfW  M°  Q(iBb)M4  mih  «.  ininiiBM>:io{  w^ffUtt^ 
.farpl».f<4o>afwl  precipiwt*  Wli,"  .-i  ^^  j- ;  ■,,!,  t  ■] 
'   Tb$u(lU'ofui)^iiTe.fon»«idy4iatispii#bf4  ^7(4(1 

ppitbet  Jvfimi,  because  Jtifittr  wu  Ihe  snM  Yj  T[hi#l 

^f;clijinUi)diitwgiiit)te4ti)«fiwt^.>., -...-(if  ..„r  . 

I.  ,  t)rTpWATWo'SA|.Ti^'.  ■"'"""'_■  "■"■ 

, J>.' |..  ^ArMnfTw.  ...  i!l,  li,.  -■ 
NiTi^ic  ACID  «ct*  wtib  Mnanng  eset^ii^R^  ^ 
Vul  converts  it  into  m  oxide  with  llie  .«viJiwioK«f  9 
great  deal  ofhcUj  but  there  seens  t»IVibtt«'T^ 
feeble  affinity  between  that  acid  and  the  oxidei  of  tin, 
}Icncc  the  union  which  they  form  is  but  of  tnaneat 
duration,  the  oxides  scpartting  when  toy  ittcoiM  il 


TOT, 


S«f 


»  concentrnc  the  solutioa.     This  hu  been  long    Ctap.  ta. 
known  1o  chemists,  and  has  occasioned  a  variety  of  at- 
tempts to  make  the  solutioa  of  tin  in  nitnc  acid  more 
permanent ;  but  these  attempts,  as  might  have  beea  ex- 
pectcd,  have  not  been  altendei)  wiih  success- 

Wheo  oitric  acid  of  ibe  specific  gravity  l'114ispour-  AccioBvF 
«d  opon  tin,  the  metal  is  dissolved  rapidly  with  efier-  qq  tw. 
'vesccQce  ani  a  great  elevation  of  lemperatute,  which 
ought  to  be  moderated  by  plunging  the  v-csEcl  contaio- 
ing  the  miKture  in  cold  water.  In  this  case  the  oxygen 
is  chiefly  famished  by  the  water,  and  the  tin  is  only 
-combined  with  a  siinununi  of  oxygen.  Tlie  solution, 
Iherefore,  wbiefa  is  of  a  yellow  colour,  is  a  real  nitratt 
«f  tin.  It  becomes  gradually  opaque,  and  deposiies  \ 
white  powder,  which  is  an  oxide  of  tin  with  a  minimum 
«f  oxygen,'  as  f  roust  has  demonstrated.  This  oxide 
Mparales  in  greater  abundance  if  the  solution  be  heat- 
■ed.  During  the  solution  of  the  tin  a  quantity  of  am- 
jKonia  is  formed.  When  potash  is  dropt  into  the  li. 
■quid,  tliis  ammonia  becomes  liensible  \>y  its  odour. 
tience  we  see  that,  during  the  solution,  both  water  and 
Dittic  acid  have  been  decomposed  ;  their  oxygen  cotn- 
knned  with  the  :tin,  and  the  hydrogen  of  the  one,  uniting 
xntb  the  azote  of  ihe  other,  farmed  ammonia.  If  k  liu 
ale  nitric  acid  be  poured  in  and  heat  applied,  the  tin 
^precipitates  in  the  stale  of  a  peroxide  *, 

When  nitdc  acidj  of  the  specific  gravity  I'SS,  ii 
npoured  opon  tin,  »  very  violent«ction<ikes  place,  the 
jDctal  is  oxidized  to  a  maximum^  and  the  whole  of  it 
t^rstes  bota  the  liquid.     Hence  we  see  thai  there  it 
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no  axjmitrtttt  of  tin  ;  the  peroxide  of  ihit 
being  lusceptible  of  eoteriag  into  combioBtion 
trie  acid:  When  the  Ut^uid  i«  eviponicd,  niin^ 
KoiinoniB  is  obtained.  Morveau  found,  ib«t  oi 
of  strong  nitric  acid  uid  1,  part  of  tin,  when  irel 
B  retort,  gave  out  no  gasx,  notwithstanding  the  vi 
of  (heir  action.  Upon  examining  the  liquid,  h«  A 
that  tlie  Buimonia  formed  amounted  to  t'oth  of  the 
of  the  whole*.  Hence  we  see  that  during  the  i 
tion,  both  the  acid  and  the  water  are  dccompoicd  fi 
that  ihcj  are  deccmpoied  in  sucli  proportions,  (1 
hydrogen  and  aioie  combine,  and  form  attiinoBu,^ 
the  whole  of  their  oxygen  nnilcs  with  tbetm. 

„  ,  ■* 

11.    Incombustible.  j 

Sp.  2.  Murialed  Ti 
MtlKiATIO  ACID  dissolves  tin  in  considerable  ^ 
litf  when  its  action  is  assisted  by  heat.  The  wate 
(be  acid  is  Jrcomposed,  its  oxygen  combines  with 
lln,  while  the  hydrogen  is  emitted  in  the  form  of  ] 
Tbia  gas  has  uiualty  a  fetid  smelt,  owing,  secordini 
Mr  Proust,  to  a  quantity  of  arseiiic  which  it  hold: 
solution,  and  which  is  partly  deposited  on  the  side 
the  jari  in  which  the  gas  is  kept.  During  the  sola 
of  the  tin,  the  arsenic  which  it  usually  contains 
cipitaied  in  the  metallic  state  in  the  form  of  a  bl 
powder  ;  so  that  the  quantity  of  arsenic  contained 
may  be  ascertained  by  dissolving  It  in  murradc  bi 
provided  that  portion  which  is  carriei)  off  by  tbc 
drogen  gas  be  also  taken  into  aceouni  f.   .  Mnriatic 


•  £«j..  M.IM.  dim.  i.  6j*. 
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«ombinei  wilh  both  the  oxides  af  tin,  and  forma  wjlh   .Cbay.  IB. 
ihcm  permanent  salii. 

J.  Muriate  of  Tin.  This  is  the  talt  obtained  by  dli- 
solving  tin  in  about  four  linMb  iti  weigbt  of  muriatic 
acid.  The  solution  hasa  brownish- yellow  colour,  and 
yields  when  evaporated  small  aeedle-shaped  crystals, 
soluble  in  water,  and  somewhat  ddiquesceni.  Theii 
specific  gravity  is  !;'irB32*.  Water,  when  poured  on 
it  in  small  quantity,  readily  decomposes  it ;  a  submu- 
liatc  precipiutes,  while  a  supermuriaie  remains  in  to* 
lution.  .      f^^ 

This  salt  has  a  strong  sfTmity  (or  oxygen,  and  abiorbs 
it  with  avidity  from  [he  air,  from  uxymuriatic  acid, 
and  £rom  nitric  acid,  and  is  convened  irtlo  oxymuriate 
of  tin,  B4  Pelkiier  first  observed.  It  absorbs  oxygen 
also  from  arsenic  acJd,  and  the  while  oxide  of  arsenic 
When  these  bodies  are  treated  with  muriate  of  tin,  they 
are  precipitated,  completely  deprived  of  oxygen,  in  the 
state  of  a  black  powder.  Molybdtc  acid  and  yellow 
oxide  of  tungsten,  or  their  conibinaiions,  when  dropt 
into  a  solution  of  muriate  of  tin,  immediately  assume 
a  blue  colour,  being  changed  into  oxides  with  a  mini- 
mnm  of  oxygen.  The  red  oxide  of  mercury,  the  black 
oxide  of  manganese,  the  white  oxide  of  antimony,  the 
oxides  of  zinc  and  of  silver,  are  likewise  deprived  of 
their  oxygen  by  this  salt,  and  reduced  to  the  metallic 
sate.  The  oxygenized  salts  of  iron  and  copper  are  al- 
so reduced  to  salts  with  a  minimuui  of  oxygea,  and  tlte 
muriate  of  gold  occasions  a  purple  precipiiaie,  consist- 
ing of  gold  reduced  to  the  state  of  purple  oxide.     For 
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and  Proust.  They  afford  a  sufficient  key  10  cxptun  ftU 
the  singular  changes  produced  upon  the  greater  num- 
ber of  metallic  sairs  by  thii  muriate". 

2.   Oxjmuriate  of  Tin.    This  salt  may  be  formed  ve- 
ry convenieatly  by  the  pr©c«s  first  proposed  by  Pellc- 
lier,  which  consists  in  causing  ostynmriatic  acid  gas  to 
pass  into  a  solution  of  muiiate  «f  tin  till  it  be  saturated, 
and  tlien  eapelling  rfie  excess  of  acid  by  beat.     But  it 
vns  known  long  before  this  process  was  thought  of,  and 
U   was  usually  distinguished  hy  the  name  of  smoking  liqwor 
**   vf  Lihaviuf ;  because  LibaTius,  achemistnf  the  jsth 
century,  was  the  discoverer  of  it.     When  equal  parte 
of  amalgam  of  tin  f  and  oxyrmriate  of  mereuryafe  tri> 
iAMM^ogetlMrj  ui4  thea  dlMin^d  fetMtoM  i*Wi>« 
•Mtty  noderaK  bCM^  tiMM  |imm*  4rfl »  wlioiWiwK. 
'    ^iiltt^iitiit{agtllMy»f«tK^«ill^ftAar«nrdi««Ul|- 
vl^Mr  tMlm-«ll •t%mASui iawitK  NMai«sf.>  -.IMi 
▼Iptidr  ^eMdcnttes'iBto  a -transpueHi'  li^nt^ '  wliMr«» 
%feha  i  fiiettvT- <ktt»e  moke  «4ieh  tmpaiti  tot  tlM>«nv' 
Mit4«e«iiM[«aflke«hoseet]flMdMGl«saiNnaW.   Hib- 
ia  tfcte  fclnliig  B^ttf  tif  Cibayw^  tm  atyltmiM  «f  tb.  - 
^Tlte'  tM-oportiM*  trhKA  uwrnvt  kW^MUaHmg  l»«h»  - 
«)fptf«ititi»U  of  €«lx«  (Miiated  b^  t»>Ktllfr  cakuMaa,*. 
%o«rV««r),  «re  tic  paita  of  tia,  oM^pMHKiketfmr^  mA  - 
9^3^  puts  of  rorrMivs  luUifnate  t. 

'  The  theoty  of  the  proce«s  is  tibyioittf  The  tia  flh. 
VtTSCts  ocyg«n  fto*  the  mercniy,  and  M  4l«  m^  tnac 
-Cowbioei  with  the  muriatic  acti.    Muriaiei  tof  mercgiy 
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•nd  of  tin  arc  also  formed,  and  line  the  Rcdi  of  the  n-  ta"p.ni._ 
ton,  mixed  with  a  quantiry  of  pure  mercury  ;  and  there 
remains  behind  an  amalgam  of  tin,  covered  with  s  crust 
of  muriate  of  tin  •.  It  had  been  long  known  that  ihil 
Itqilid  contained  mutiatic  acid  and  tin.  Adet  endea* 
vourcd  to  show  that  ihc  acid  vu  in  the  slate  of  hyper- 
oxymariztic  f .  His  cxperimEnis  were  afterwards  eon- 
firmed  by  PcUetier  {  ;  but  Prou&t  demon  sirs  ted  the 
falsehood  of  his  theory  j. 

Tlie  while  smoke  constantly  exhaled  by  this  salt,  pre* 
pared  according  to  the  process  of  Libavius,  has  also 
been  accounted  far  by  Adet.  This  salt  is  neatly  desti- 
tute of  water,  and  in  this  state  it  is  exceedingly  volatile. 
The  npow  as  it  rises  combines  with  the  vapour  of  the 
atmosphere,  and  the  smoke  appears  at  the  moment  of 
the  combination.  When  the  salt  is  confined  in  a  glass 
jar,  either  in  moistened  ait  or  standing  over  water,  it 
condenses  gradually  on  the  sides  of  the  jat  in  the  form 
of  small  crystals,  having  imbibed  ihe  waler  necessary 
foe  its  crystallization  from  the  air.  When  thrown  into 
crater,  this  substance  produces  heat,  and  at  the  same 
time  dissolves  if  the  quantity  of  water  be  sufHcient.  A- 
det  ascertained,  that  whea  seven  parts  of  water  arc 
mixed  with  22  parts  of  fuming  muriate,  the  mixture 
condenses  into  a  solid  mass.  This  mass  melts  like  ice 
when  exposed  to  heat,  and  cocidcnses  again  when  cooled 
and  agitated. 

Oxymuriale  of  tin  is  capable  of  dissolving  an  addi. 
tional  dose  of  tin  without  efiervescence  or  the  exhala- 
tion of  gas,  and  by  that  means  is  converted  into  muriate 


of-iiir;  '^htnetf  portion  of  tia  in  this  case  deprives  tl 
tin  of  the  oxymuriate  of  iis  second  dose  cf  oxygtwt 
Add,  however,  found  thtt  ih:»  solulion  did  not  succ< 
except  in  the  oxjmuriate,  rendered  solid  bj  b 
with  water,  and  then  li<juclied  hy  heat  *. 

Liquid  uxytnuriiite  of  tin  jrields  by  evaporation  n 
crysIaU  (  and  when  Iie&ted  sublimes  in  the  same  n 
am  as  fuming  muriate.  Tbe  crystals  deliqurace  m 
esposed  to  the  open  air,  and  dissolve  reidilj  ia  wstcct 
They  Iiave  usually  aa  excess  of  acid.  Tlie  loludoD' 
forms  a  white  piccipiuite  when  dropt  into  the  nitr 
of  mercury,  lead,  or  silver;  and  into  the  sulphate  tfi 
sue,  but  does  not  alter  salts  of  copper  or  arsenic. 
^,  Oxymuriaie  of  tin  is  employed  by  dyen  in  grt^. 
^tmiiticSf  as  it  forms  the  basis  of  the  acailet  dye.  Thof 
usually  prepare  it  by  dissolving  tin  in  niiro-tDuriuii 
acid  {  tbe  consequence  of  which  ts,  that  the  nature  flf 
the  tolution  varies  according  to  the  proportion  of  thf 
acids  and  the  manner  of  dissolving  the  tin.  In 
cases  it  is  merely  a  muriate  ;  in  others,  an  oxyinuriaMt 
and,  generally,  it  comists  of  a  mixture  of  the  I 
Hence  the  difficulty  of  which  dyers  complain,  of  fomt 
iflg  with  this  solution  the  same  shade  of  coloiu  in  dij 
ferent  dfcumstances,  l^is  would  be  ifi  a  great  mca 
sure  removed  by  preparing  the  salt  accordiog  to  ihi 
process  rccommcndcil  by  PcUctierf.  ;j 
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lata  mnriitic  aciit  tbin  the  acid  ii  cipihlc  of  diitoWing,  and  if  ■tier  ihs 
■ttiOQ  dC  the  icid  hii  bccii  *ui(tcd  by  heit,  the  lotution  be  dilutel 
with  water  sad  tel  iiide,  «  gteit  pirt  o(  the  dittolred  (in  scpatita  n 
the  mttiMk  «ate  (Gchko'i  /wr.  iii.  41J )    Ob  rcresciJV  4*  opeti* 


Sp.  3.     Sulphau  of  Tin. 

Whew  a  cylinder  of  tin  is  plunged  inia  sulphurie 
acid,  scarce!/ any  ftCtion  can  be  perceived  for  some  time^ 
but  ihe  metal  is  gradually  converted  into  white  flakes 
on  the  surface,  which  fall  to  the  botiom,  and  remain  in 
the  iiate  of  a  white  powder  ;  at  the  same  time  bubbles 
of  sulphurous  acid  make  their  escape.  The  properties 
of  the  compounds  which  this  acid  forms  with  tin  have 
not  been  examined  with  accuracy.  Kunke),  Wallcrins, 
and  Monnel,  the  chemists  who  have  paid  the  greatest 
attention  to  (he  action  of  sulphuric  acid  on  ttn,  attempt- 
ed the  solution  by  means  of  heat.  In  that  case  the  acid 
is  decomposed,  sulphurous  acid  exhaled,  and  even  sul- 
phui  developed,  if  the  heat  be  long  enough  continued. 
The  metat  is  oxidized  to  a  maximum,  and  the  oxyiui- 
phaU  obtained  is  not  cry^tallizable  i  but  when  evapo- 
rated assumes  the  form  of  a  jelly  ;  and  when  water  is 
pourtd  into  the  solution,  the  salt  prceipitatcs  in  At 
State  of  a  while  powder.  r 

But  if  the  action  of  the  acid  is  not  assisted  by  heat, 
or  if  tin  combined  with  a  maximLini  of  oxygen  be  dis- 
solved in  sulphuric  acid,  In  cither  of  these  cases  a  titl- 
pbate  of  tin  is  formed,  which  yields,  when  evaporated, 
crystals  in  the  form  of  fine  needles,  as  was  observed 
long  ago  by  Monnet.  The  simplest  method  of  obtaining 
this  salt  is  that  which  was  pointed  out  by  Berthol'et 


he  portiofl  wliich  coiitlnucd  in  •olution  tru  'itl  lAe 
MMc  «f  oifDiuriatc.  Hence  wc  tee  ihit  one  put  of  ihe  Lin  bid  giien 
up  ihe  whole  uf  ill  ciygcD  to  another,  it  happen*  io  wm;  c!  the  hIj. 
ttMacJcDp^r.  It  follow!  from  thii,  ihai  (hebntway  plfonaieg  m^ 
riiie  of  tin  !•  (•  »dil  the  met  j1  gnduillT  to  llie  icid  is  f;  JiuoKft 
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*^^"-     junior.  Pour  sulphuric  acid  tMo  muriate  of  tie;  ft 
''£I\  — '  powder  falU,  which  is  the  sulphate.      Ii  dijsolves 

waiCT,  and  torms  by  evaporation  unall  prismttic  crjin 
tall.  Alkalies  decompose  it  ioiperfecilT^,  throwiat 
dowa  a  subiulphatc  of  tin  *. 


Sp. 


Sulphite  of  Tin. 

•  The  action  of  sulphurous  acid  upon  tin  has  bcca 
nined  lately  hy  Fourcroy  and  Vauquelln,  during  thdt 

s  on  the  combtnaiioos  which  that  add  is 
^ble  of  forming.     When  a  plate  of  tin  is  plunged  i 
■liquid  sulphurous  acid,  it  assumes  a  yellow  colour,  i 
afterwards  hecomes  blacL.     A  black    powder  is 
pttated,  which   is  sulphurci  of  tin-     A  portion  of  d 
«cid   is  decomposed  ;   [he  tin  is  partly  oxidized^  u 
combined  with  the  retnainder  of  the  acid,  and  pari 
precipitated  in  the  state  of  sulpliuret  cotnbined  with  IJ 
•ulphur  of  the  decomposed  acid.    There  remains  in  • 
lotion  sulphite  of  tin  combined  with  a  portion  of  sa 
-phur;  for  sulphur  precipitates  when  sulphuric  acid 
added  to  the  solution  f . 

Sp.  5.  PbuphaU  if  Tw. 
Phosphoric  acid  has  scarcely  any  actios  on  tin  au 
Jhs  when  it  is  exposed  dry  and  mixed  with  that  metll 
to  the  action  of  a  strong  heat.  In  that  case,  part  of  tbs 
acid  is  decomposed,  its  phosphorus  combines  with 
portion  of  the  tin  and  forms  a  phosphuret,  while  thff 
oxide  of  tin  unites  with  the  undecom  posed  acid  and 
forms  a  phosphate  %.     This  salt  precipitates  also 
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rtlkalinc  phosphates  are  mixed  with  a  solution  of   Chap.  lit. 
muriate  of  tin  ;  and  it  may  be  formed  by  digesting  ox- 
ide of  tin  in  phosphoric  acid.     It  is  insoluble  in  water. 
Tin  does  not  precipitate  copper    from  muriatic  acid. 
Fboephaie  of  tin  melts  into  a  glass  when  heated'. 


Sfr.  fi.      Carbor. 


.^J7in, 


As  far  as  is  known  at  preseot,  the  oxides  of  tin  do 
not  combine  with  carbonic  acid.  Bergman  failed  in  his 
endeavours  to  form  this  combination  ;  and  when  the 
oxides  of  tin  arc  precipitated  from  ihcir  solution  in  a- 
cids  \>j  alkaline  carbonates,  he  found  that  their  weight 
leccives  scarcely  a  perceptible  iocreasef.  Nor  have 
Ibe  ktlcmpts  of  Pioust  to  combi&e  these  bodies  with 
carbonic  acid  been  attended  with  more  success  %- 

Sf.  ^.     TluattofTiA. 

Fluoric  acid  does  not  attack  tin  i  but  it  dissolves 
its  oxide,  and  forms  wiih  it  a  gelatinous  solution,  which 
has  a  strong  disagreeable  taste  I .  This  Suate  may  be 
formed  also  by  mixing  together  an  sikalioc  fluftte  and 
the  moriate  of  tin. 

^^■T  Sp.  8.    Eorett  of  Tin. 

^^^Hmiacic  acid  docs  not  attack  tin ;  but  borax  produ* 
^^ffS  precipitate  in  the  muriate  of  tin.  The  while  pow- 
der which  falls  is  insoluble  in  water  :  in  a  strong  beai 
J«  IBclti  into  an  opaque  slag  || . 
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III.    Combustible  Salts. 
Sp.  p.     j^ftate  tf  Tin. 

Acetic  acid  nttacks  tin  very  slowjy,  even  when  «m 
Billed  by  hent,  and  oxidizes  and  dissolves  only  a  small 
portion  of  it.  The  spontaneous  Rction  of  iliia  scid  on 
tin  vessels,  when  in  the  stale  of  vinegar,  has  been  Utely 
examined  by  Vauquclin,  The  subject  was  of  import, 
ance,  because  vinegar  is  usually  measured  out  in  tin 
vessels.  Now,'  as  these  vessels  contain  alivaya  a  little 
lead,  and  as  the  salts  of  lead  are  all  poifwnnus,  it  was  of 
consequence  to  determine  whether  the  vinegar  acted  on 
the  vessel,  and  if  it  did,  whether  Its  action  wa*  confined 
to  the  tin  or  extended  also  lo  the  lead  ;  because  in  thii 
last  case  the  vinegar  would  be  converted  into  a  poison. 
The  result  of  this  invcsiigaiton  was,  that  a  snnail  por- 
tion of  tin  was  dissblved  ;  and  that  when  the  lead  ex- 
ceeded the  sixth  pari  of  the  tin,  a  small  portion  of  i( 
wns  also  dif<iolved  at  that  part  of  the  vessel  only  vvhicfa 
was  in  contact  both  with  the  vincgitr  and  the  air  *. 

When  acetic  acid  is  boiled  npon  lin^  (b*  iMlat  i| 
gradually  diasolved,  ^mbinbg  with  oi^gen  at  (he  vi- 
penCe  of  thA  water.  IThe  sotation  has  a  whidsh  colonr/ 
«att^«rtfetfy«^«pDralik>tt  sAiall  ofMSkl*  '^'TMtf^ct/ 
flMlii«rtHo^'d^by  tem«7,'h«l  been  deiR«d-b^Mo(il 
Mtj  SVcMtRdoff,  U<f  W^nfcl;  who  coAld  viSif  obam' 
from  it  a  gummy  mass.'  -  Bui  Morv£au  '«s(lfBtisbe(f  tlw 
truth  of  Lemery's  observation,  by  crystallizing  acetate 
of  tin  by  spontaneous  evaporation  f .  Ifis  easy  to  ac* 
count  for  the  different  results  obtained  by  these  chemists. 


Tiir. 


iThe  crystals  were  no  doubt  acetate  of  tia,  the  gummy 
mass  oxaeetate  of  t]«>  The  simplest  method  of.  obtain- 
ing the  apetate  of  tin  is  to  mix  together  the  solt^tjonf  of 
muriate  of  tin  and  acetate  of  lead. 


u  » 


Jj]^.  10.     Succinate  of  Tin. 

StJcciKic  ACID  dissolves  the  oxide  qi  tin  when  as- 
sisted by  heat.  The  solution  by  evaporation  yields 
thin,  broad^  traospattnt  cryslib  *«  Neither  lead,  iron, 
nor  zinc,  occasion  any  change  in  the  sdution  of  this 
4dtt. 

^•11.    Bennoateof  Tin. 
Neither  tin  nor  its  oxide  19  soluble  in  benzoic  acid  \ 

w      i  .  ■  .         .  . 

but  when  benzoate  of  potash  is  poured  into  a  solution 

of  tin  in  nitro^muriatic  acid,  benzoate  of  tin  precipi- 

taites.     It  is  soluble  in  water  by  the  assistance  of  heat. 

but  insoluble  in  alcohol^  and  decomposed  by  the  action 

of  heat  %. 

5^.12.    Oxalate  of  Tin. 

Oxalic  acib  attacks  tin  when  assisted  by  heat.  The 

i^etsl  is  first  blackened,  and  is  then  covered  with  a  white 

cvttst  of  oxide.     The  solution,  which  has  an  austere 

^aste,  by  slow  evaporation  yields  prismatic  crystals; 

but  when  evaporated  rapidly  by  means  of  a  strong  heat, 

it  leaves  a  mass  resembling  horn  §. 


•  Wenzcrs  Vtrwtttd,  p.  24'* 
f  Weniel's  Verwmmdtuhaft,  p.  953. 
X  Trommtdorf,  Amm.  de  Cbim,  xi.  315. 
{  Bergman,  i.  a69. 

t^aJ.  111.  1* 


sisB 


^  13.     Tarmte  9/  Tin. 

Tu  tvlnto  of  da  Im  bctct  been  cxamuieil  by  die- 
nuilk  Tb«  add  does  not  *tuck  the  mcul,  bmt  ii  dis> 
mItm  te  Olid*  of  tin. 

IV.    Metallic  Salts.  1 

Sf,  14.     ^ntniatt  tf  Tin.  I 

WnEM  tin  is  treated  with  uunic  acid  in  a  digcstiig 
beat,  it  is  tlowly  oxidized  at  the  expeace  of  the  vsA, 
and  the  solution  at  last  assttioes  the  foim  of  a  gclatinou) 
mass.  Araenic  acid  precipitates  tin  from  acetic  icid, 
and  the  alkaline  nrseoiates  occasign  a  precipitate  wbca 
poarcd  into  oauriale  of  tin.  The  precipitate  is  arseniatc 
of  tin  in  the  form  of  an  insoluble  powder,  which  hilhu^ 
•a  has  not  bcca  examined  *. 

V.  Txifli  Salts. 
Sf.  15.  TmiraU  a/ ftltuh'trnd-Tin. 
Toil  tttple  Mltmy  bt  fbniwd  hj  b^lbif  tegtther 
tMCtandib*  oldd*  of  dnia  water,  h  it  TC17  aolnble, 
waA  dwrtfbfc  its  ulotion  ctTMaUiBca  wiA  diffcolty. 
No  prcei^tatc' is  produced  in  h  bj  tb*  alkalica  cr  their 
catbooatesf. 

Sf.  Ifi.    Nitratt  0/ Amm^mm-and-Tim. 

Tb£  perotide  of  tin  is  insoluble  in  nitric  acid,  bat  tl 
dissolves  when  treated  with  nitric  acid  and  ammonis- 
Hcnce  the  reason  whjr  a  salt  containiag  on  ia  often  pro- 


'mt  ixSoa  6£  nurifi  aeiJ  oh  iin. 
iia  ts  ibriQcd  durihg  the  proceas  *. 
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GxNUs  XIL    Salts  of  Liao. 

rODCn  lead  be  one  of  the  tnost  abundant  and  iise- 
Ail  metals,  ihoUgh  it  has  been  IcnoWn  from  the  earliest 
agea,  and  though  it  is  without  difficulij'  diasolved  bj-  tllfe 
greater  number  of  acids,  its  salts  have  not  hitherto  beea 
much  examined  bjr  chemists.  This  ii  to  be  regretted  i 
because  the  various  degrees  of  oxidixement  of  which  it 
IS  suscefiiible,  ad'ord  an  excclleni  opportuniiy  of  ascer- 
taiaiog  how  many  different  salts  it  is  capable  of  form- 
ing with  each  peculiar  acid  ;  aod  this  oace  known, 
Voald  probably  lead  to  tome  general  conclusions  coat 
eerning  the  different  classes  of  metallic  salts.  The  salts 
of  lead  were  formerly  distingbtshfcd  by  the  nacDe  of  ta- 
tiaVf  the  title  by  which  lead  was  known  among  the 
alchymists.  Tbcjr  may  be  distiogbislied  by  tliK  follow- 
ing properties : 

1.  A  c6nsiderable  number  of  them  are  scarcely  soln.    chmRait 
ble  in  water  without  an  excess  of  atid.     These  before 
the  blow-pipe  yield  very  readily  a  button  of  lead. 

S.  The  solution  Of  the  soluble  salts  of  lead  in  water 
it  generally  colourless  and   transparent. 

3.  They  bave  almost  all  lessor  more  of  a  sweet  tastt, 
accompanied  with  a  certain  degree  of  astringcncy. 

4.  Triple  prussiaie  of  potash  occasions  a  while  pre> 
cipiiate  wbeb  poured  into  soliitioits  containing  salts  cf 
lead. 


*  "ntanitJtd.Ji  dim.  lUi.  3 


■«8  "SftS' 

ted  bjdrogen. 

6.  Gallic  acid  tnd  the  inftuion  of  natg^  oocmnoa  b 
white. prewpimfc!  ^  '  '^■^'-^     -'I--  ■  "n«0 

1.  A  plate  nf  zinc  kept  in  a«o!utirin  of  lead  occasioni 
either  a  while  pcccipitalc,  or  the  lead  appesra  in  its  aie- 
t^Uic  state. 

Though  lead  is  susceptible  of  combining  with  several 
do&es  of  oiygcn,  it  doei  not  appear  that  each  of  its 
oxides  is  capable  of  combining  with  ucids.  As  far  as 
is  knnwn  at  present,  it  is  only  llic  flrtt  two  oxides  which 
possess  (his  propertj,  if  up  except  the  hyprroxj  muriate, 
which  contains  the  peroxide  of  l«ud.  None  of  the  at- 
jeiDptt  to  combine  tJie  red  oxide  of  lead  with  acids  Have 
J^en  attended  with  siiccens.  The  jcUow  oxide  com- 
L  hinqs  with  all  acids  hitherto  tried  j  the  salts  formed  bj 
means  of  that  oxide  alone  ha\'e  been  hitherto  examined 
the  combinations  of  the  first  oxide  have  been  completely 
•  overlooked,  except  by  Mr  Proust. 

jmt^iv.:    '■'■■'  ,-...■      l^-  .       .'■...::.  .-J  ' 

!,■  DrtaKAxmo  Sacts.    -. 

1   ■  ■     Sf.  ^.     Nitrmtid ZMUt.:« 

^*^  a  Niync  ACID  acts  upon  Uad  with  considenble  cner- 
mleulMd  g7,  provided  it  be  not  too  iDUGb  conccatAted  j  first 
converting  it  into  a  white  powder,  which  il  a  ipbo^ni- 
•Irate,  and  then  dissolving  it,  especially  when  assisted  by 
heat.  The  yellow  oxide  of  lead  is  dissolved  by  nitric 
acid  compl^ely,  and  without  cfTervesceDce ;  but  the 
red  oxide  is  rendered  white  ;  *ths  of  its  weight  are  dis- 
solved, and  Jftb  is  convtrftd.  into  bt^WQ  oxide,  and  re- 


^IHin^lBai^Rn^nr^^  I 


low  oxide  of  lead  only  which 


rh  nitric  acW."  — '  ■ 


SlK-KTentlisof  Ihe  red  oiide  a^e  decoihpdsed  i  tllfcs- 
cess  of  oxygen  combines  with  llie  remaining  stfvcnrti,- 
iuid  converts  it  into  brown  oxide,  while  the  base  or  yel- 
low oxide  combines  with  ihc  Boid.  7'hus  we  see  that 
■ticric  acid  does  not  combine  wilh  ITic  red  or  brown  ox- 
ide of  lead,  but  ii  combines  with  \hc  protoxide  and  yel- 
low ojcide,  and  forms  with  ttlem  two  iJlts,'  wfliclT^c 
shall  distinguish,  as  uiual,  by  the  namei  of  nitratttTii 
osjntitrate  of  lead.  The  lasThas  licen  long  known  ;  bol 
the  first  has  been  pointed  oUt'wHliiti  I h cue  few  yeari'by  - 
MrPromt.-  ^  ■--■--■  -dt  n.  ir;  J  ,[■ -r  H, -^.i,.jn 
1.  OsynitraU  of  Lead.  This  sail  is  always  (irkliA 
when  lead  is  dissolved  in  nitric  sctd,  unless  Ihei^^  pre- 
sent an  excess  of  lead,  and  a  strong  beat  be  applied. 
It  is  formed  also  by  dissolving  ihe  deutoxide  or  white 
lead  in  iiitricacid.  The  solation  is  transparent  and  co- 
lourless, and  when  sufficiently  concentrated  by  evapora- 
lion,  crystallites  on  cooling.  Tlic  crystals  are  usually 
tetrahedrons,  haTing  tlieir  apex  iinncited,  and  stfrne^ 
times  six-sided  pyramids,  according  to  Rouelle.  Tlie^ 
ire  opaque  and  white,  and  have  a.silvery  lustre.  TheH 
taste  is  sweetish  and  harsh.  They  are  not  altered  by 
exposure  to  (he  arr.  They  ate  soluble  in  t'Q  pana-of 
boiling  water  f.  Their  specific  gravity  i»4*0eS}. 
When  heated,  they  decrepitate,  and  then  undergo  a  kind 
of  detonation,  emittuig  very  brilliant  sparks  \.  When 
they  ate  triturated  with  sulphur  in  a  hat  HKiriar;  ji'fte- 


iL  t  W(6zcl"i  V-rvlnndlnkaft,  p.  3tO, 

j(  tlatKufraiz,  Ju.  it  Cbi*.x\v>\\,  ii.  )  Brrgtnin,il.4}o 


tn  MtTs  or 

IJook  n.     ^]%  ^tonttion  is  produced,  ind  the  Ickd  !■  reduced  to 
^.  ,.-  ■   tbff  tncullic  >ute  *. 

My  otperimcDls  give  Ihe  centtitucnta  of  tliis  salt  ya 
foUpwt ) 
^mpMi'  AS  oxide 

^"^  3*  «cid  and  w«tcF 

100 

Tfa«  a)d«  of  Icid  is  thrown  dovn  bj  aflttUcs  in  tb« 
■tau  of  Ik  jrcllpw  powder*  Salphiinc,  sulphuroast  and 
muriatic  acidt  combine  with  the  oxide,  and  prtcipitaie  t( 
tp  the  siBtp  of  a  white  powdcrt  Iron  occasions  no  pre- 
cipitate though  Itept  in  die  lolution  of  oxyniuatp  of 

S'  Nifate  ^  ZtaJ.  Thii  salt  may  be  formed  by  boilr 
ing  together  a  quantity  of  mciatltc  lead  and  ojcyoitrate} 
•  portion  of  the  lead  is  dissolved  at  the  expence  of  the 
deuioiiidc  in  the  oi^ynitrsite  ^  and  (he  whole  is  convertr 
rd  into  the  protoxide,  which  according  lo  a  very  ge^ 
fieral  law  in  chcmittryt  requires  less  acid  to  saturate  it 
(ban  the  dcut»xid«<  Ic  may  be  formed  also  by  boiling 
pitrip  wpd  eti  «  pMt^  qpantity  of  le«d  thtp  it  it  e*r 
§%Vlf  of  diuplvring.  |b  that  fan  the  ••){  u^ally  ccysr 
t»Ui]^i  ji)  cooling,  and  the  lolptiop  ia  /pUow  j.     ThU 

ip)4  4f>liiUcinvaf«'jlotui4(aal)pn|in«.    Tbe^.btvf 


JThiiRperini'itwunude  by  WcDitI  IvQk  ^o  j  bv(  it  WMi«p«|, 
■Uc  Id  draw  |hc  proper  inFcnncc  til!  the  Mture  of  the  oride  wit  \fh 
ler  aiK^ntood.    See  hii  Virvti^.  p.  90. 

J  PfOVM.  Jmr.  A  Ftjt.  In.  10^ 


tbe  same  sweet  sstrlngcnt  taste  with  nitrate  of  lexd. 
mj  uialjsis  tbey  are  compoied  of 

St '5  oxide 

la-S  Mid 


By 


R»" 


Sb.  2.     ffjrperaxj'/xurtatt  of  Ltad. 

HKK  the  red  oxide  of  lead  ts  put  into  a  Woulfe's 
Imtle  with  water,  znd  oxymuriatic  acid  gas  is  made  t« 
ptss  through  it,  the  gas  is  absorbed,  while  the  oxide  ac- 
quires a  brown  colour,  and  is  gradually  dissolved.  For 
this  curious  experiment  we  are  indebted  to  Mr  Froust. 
In  this  case  the  lead  absorbs  oxjgen  from  the  acid  i  and 
vben  the  whole  is  oxidized  to  a  maxiouiin,  a  portion 
isdtssotved,  and  hyperoxygenizud  muriate  of  lead  form- 
ed. This  salt  is  much  more  soluble  than  murUte  of 
tesd.     It  is  verj  readily  decain|Kised  *. 


n.       iMCOMVDSTIBLe. 

Bp,  3.     Muriatt  of  Ltad* 

MVRIATIC  ACin  attacks  lead  when  assisted  by  heat, 
end  oxidizes  and  dissolves  a  portion  «f  it ;  but  its  ac- 
tion is  feeble  and  limited,  it  coonbines  readily  with  the 
ycDow  oxide  «f  lead.  When  poured  upon  the  red  ox- 
He,  it  is  converted  partly  into  oxymuriaiic  acid  by  the 
assistance  of  heat,  while  the  lead,  reduced  to  the  slate 
of  yellow  oxide,  combines  with  the  remainder  of  ths 


ffl  MTptroi^XoSl''}  MuriitU  AciJ.     TUt.  Trtnr.  iSoS. 


'  ' My  with  yeilaw  oii(f«  «f  U'id^t&J'&ii'it  h  9M!iiM81e 

of  combining  with  thc^tadoki^eof  thitmetili  botintU 
probibilit^  it  combine)  wtth  tile  protoxide,  thongh  the 
experiment  hu  not  been  triiE3~.  The  compoand  of  mu- 
riatic acid  and  lead  at  pretetitltiJown  it  in  fiict  ut  0x7- 
murialr,  Thcrn  arc  two  varieties:  the  first  neutral, 
long  Ictiown  ;  llie  second  a  submurtaie. 

] ,  AfurSiiti  0/  Lead.  This  salt  tnay  be  formed  rea- 
dily by  pouring  murinttc  acid  or  ah  all^aline  muriaie 
ihio  a  solution  of  nitrate  of  lead.  The  muriate  precipi- 
tates in  the  state  of  a  white  powder.  It  has  a  sweet- 
ish taste.  Its  specific  gravity  is  I-S226t.  It  is  so- 
la61e  in  zH  parts  of  cold  water,  and  this  solubility  ii 
increUsed  considerably  by  ihc  presence  of  an  acidt.  It 
is  sbtuble'iii  atetic  acid  ;  a  property  by  which  it  may 
be  readily  distinguished  from  sulphate  of  lead.  When 
its  toluttuii  in  boiling  tvaiM*  is  allowed  to  cool,  the  salt 
crystallizes  in  very  small  six-sided  prisms  of  a  white 
colour,  and  a  brilliant  ippmBne^  lilw  sann.  Tbeic 
cryalals  are  not  altered  by  exposure  to  the  air.  Wbes 
Imtedthey  melt-ttebdil^; 'iAS> when  ^^  assume  ibe 
*PIiefx^9«  irf  .a.Mini^r'pnHPnM.-  ■gnyitb-wt^  «f«t, 

«J»?^rt;.j^^?W.«W»^  Wj>  Sl«|l^,h)lMl4ll*y  partly. 
<lWfi'?^4:*f  ^y^^"''f''<*''*^>'>^'«!  and  then  toHMm 
b^iidf  k^^4biimrUte  of  lead  j  aimbftlaoe  wbtcb  8«ein»- 


IChfMvii,  Nichnlnn'i  /wr.  i».  uj. — AitonKDe  to  Wcosd,  wa- 
:cr,  ihoHgh  hoiii  on  niuruie  ol  Wad,  ukn  1^  udjr  i-jotk  vt  thu  «lb 


to  hftve  been  first  examined  bj  Bergman  K      The  con-    Ch>y«m 
stitdents  of  this  salt  are,  according  to 

^irwan« 
Kliproth.  CryttiU  Dried  SJT*" 

13*5 «....18'23 - 17  acid 

80*5.......»^*. ..81*77 .••.......83  oxide 


tion* 


100-0 1  100*00  loot 

AccG^ng  to  Kirwan's  esdmate,  we  may  consid^t 
100  parts  of  crysta1Ii;ced  salt  as  cobtaining  70  part^ 
of  lead  in  the  mMallic  state.  This  salt  dissolves  in  td- 
trie  add.  '' 

^.  Snhmuriat/  of  Lead.  This  salt  majr  be  procttfcd 
^ther  bj  treating  muriate  of  lead  with  a  pure  alkdi,  ot 
\fy  decomposing  common  salt  by  means  of  fonr  times 
its  weight  of  litharge.  In  either  case  a  white  powder 
temainsy  which  is  the  submnrrate  of  le^.  Vanquelin 
first  pointed  il  ont  to  the  peculiar  Attention  of  6he- 
mists  $•  It  had  been  previously  mentioned  by  Berg. 
xiMii.  It  is  insoluble  in  water.  When  heated,  it  as- 
sumes a  fine  yellow  colour.  Nitric  acid  dissolves  the 
excess  of  oxide,  and  leaves  tnuriate  of  lead  in  crystals. 
7he  fixed  alkalies  dissolve  it  without  decomposition, 
"This  salt  is  employed  as  a  yellow  paint. 

5|^.  4.     Sulphate  of  Lead. 

Sulphuric  acid  does  not  attack  lead  while  cold  i 
but  at  a  boiling  heat  it  communicates  a  portion  of  its 
oxygen,  sulphurous  acid  gas  is  emitted,  and  the  whole 
is  converted  into  a  thick  white  mass,  which  is  snlt>biite 


=£ 


*  Bergman,  iL  470.  and  iii.  315.  f  BcUragr^  il  275.^ 

I  On  MimtTMi  Wat&t^  Table  IV.  }  Ann,  de  dm.  xixi.  .^. 


of  lead.  It  may  be  obtained  readily  by  pouring  sulphu* 
.  ric  acid  into  acetate  of  lead,  or  by  mixing  iliis  last  lolt 
with  any  of  the  alkaline  sulphates.  The  sulphate  of 
lead  precipitates  in  the  stale  of  a  white  powder.  Thi», 
sail  i%  tasteless.  Its  specific  gravity  is  1-S742  *> 
It  ia  insoluble  in  alcohol  and  in  nitric  acid.  Ac- 
cording to  Kirwan,  it  requires  1200  paru  of  wtlcr 
to  dissolve  it  f  ;  but  when  it  contains  an  excess  of  acid, 
it  is  more  soluble,  and  yields  by  evaporaiian  small  wltita 
crystals,  which,  according  to  Sage,  have  the  farm  of 
tetrahedral  prisms.  It  dissolves  in  strong  muriatic  acid 
when  the  aclion  of  the  solvent  is  promoted  by  heat ;  the 
solution,  on  cooling,  deposites  many  crystals  of  muriata 
of  leadt-  II  it  found  native  crjsuUired,  accord- 
ing to  Kirwan,  in  four-sided  oblique  angled  prisms  }  ^ 
according  to  Hauy,  in  regular  octahedrons  I|.  The  n«— > 
tive  sulphate  of  lead  found  in  Paris  mountain,  Anglesey,- 
is  crystallized  in  four-sided  pyramids  ;  the  speeioiow 
found  at  Leadhills  in  Scotland  arcia  transparent  tables* 
According  to  the  most  accurate  analyses  liitheito. 
nade,  the  constituents  of  this  salt  are  as  follows : 


IT 

- 

H 

Acid 

23-31 

ari2 

20-5 

Y.II0W  oxide 

15-OU 

75-28 

13-5 

w.,„ 

1-63 

Total 

J  00 

JOfl 

100 

•  tUmtr.fntz,  Av.  A CiUa.  nii\l  i*.  t  Mittr^ltfj.H.  stf. 

tDEKMili,Nichel«n'> /np-.iu.  lit. 

(KirwiD**  Mi",  ii-jti.  f|  7«r.  A  JIf «■,  Aa.  v.  p.  50). 

1  Kirwan  11  Miitrtl  H'tUri,  Tabic  IV. 

«■  Suchok,  Gchlcn'i  four.  v.  if'i.        tf  Kliptctti'i  BillrtU  >>'   <^- 


LEAD.  sor  j 

AhandKdparC5oftb:3saIt,3ccoidingt«KirwaB,coa>    Chap-  lib 
Cam  Tl  pMcCs  of  pure  lead  *. 

In  close  vessels  tbis  salt  endures  a  considerable  heat 
ivilbout  alteration.  I  find  that,  after  being  dried  in  the 
temperature  nf  about  400°,  it  ma;  be  heated  to  redness 
in  a  platinum  crucible  without  losing  ati^r  weight.  On 
charcoal  it  melts,  and  the  lead  isijuickl;  reduced. 

When  ihii  salt  is  treated  with  alkalies,  it  is  deprirel 
of  the  greater  jian  of  its  acid  -,  but  a  portion  still  ad. 
hexes.  The  white  powder  obtained  by  this  process  is 
tiiercfore  asubsuiphate  of  lead. 

Sfr.  5.     Su/Jibile  of  ZeaJ. 
jeUHVROUS  ACtp  has  no  action  whatever  on  lead.' 
'absorbs  oxygen  from  the  red  oxide  of  that  metal,  and 
is  converted  into  sulphuric  acid.     But  it  combines  with 
tbc  deutoxide  of  lead,  and  forms  with  it  a  sulphite, 
irbich  is  in  the  state  of  a  white  powder,  insoluble  in 
iraier,  and  tasteless-     Before  the  blowpipe  ou  charcoal 
it  otelts,  becomes  yellow,  and  the  lead  is  at  last  rcdu. 
ced  f .     Sulphite  of  lead,  dried  in  a  temperature  of  about 
9Q0°,  is  composed,  according  to  my  aualysis,  of 
74-5  oxide 
^_.  25-5  acid 


lOO'O 
When  exposed  to  a  red  heat,   it  loses  5  pir  etiit.  of 
ic$  weight ;  sulphurous  acid  exhales  ;  and  there  remains 
Ugh  mass  composed  of  sulphate  of  lead  and  sul- 


•  Ob  Mi^tl  ir-rw.  Table  JV, 

f  f Wircrof  ind  VaufueUn,  Cmu'iuum  Climifui,  < 


If?  t^tiiow 

JL    phuret.     When  treated  with  nitric  acii),  the  sulphttTCt 
is  decomposed,  and  crystals  of  nitrate  obtained. 

Sp.  6.     plxufibate  qf  ItaJ. 

FliosFHORic  ACID  has  but  liitle  action  on  lend;  how- 
rver,  when  allowed  to  remain  long  in  contact  with  it, 

{he  mdtal  is  partly  oxidized  and  converted  into  an  tnso- 
uble  phosphate.  The  phosphate  of  lead  may  be  easilj 
formed  by  mixing  the  alkaline  phosphates  with  nitrate 
of  lead.  The  salt  immediately  precipiutca  ir)  tlie  state 
of  an  insoluble  powder  ". 

The  salt  is  found  native  in  different  parts  of  the 
Vorld.  Its  colour  is  then  usually  green  or  yellow,  and 
it  is  often  crystallized  in  six-sided  prisms.  It  i$  JDSoIu. 
ble  in  water  unless  there  be  a  considerable  excess  of  a- 
cid  i  but  it  is  soluble  in  pure  soda,  and  probably  forms 
ViCh  it  a  triple  salif.  It  dissolves  readily  in  nitric  *- 
cid,  and  likewise  in  concentrated  murla'tic  acJd  when 
the  action  of  the  liqiiid  is  assisted  by  heat.  As  the  s& 
lution  cools,  crystals  of  muriate  of  lead  precipitate  i& 
abundance.  Sulphuric  acid,  when  assisted  by*  hcftt,  die- 
composes  this  salt,  combining  with  the  oxide,  and  lea- 
ving the  acid  in  a  state  capable  of  dissolving  in  watec 
When  heated,  it  melts,  and  assumes  on  cooling  a  regular 
polyhedral  form.  In  a  red  heat  it  is  decomposed  by 
.charcoal,  which  absorbs  ttie  oxygen  &om  both  of  its 
component  parts. 
Theyellowpbotphate  of  lead,  from  LeidUills  lA  Scot. 


•  MiTpifi  0/«(.  L  r;r,     Wcnicr*  V,nmwitttaft,p.  1J4. 
t  ^'auquelin,  Jtur.  A  Mm.  No.  ii.  p,  6. 
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land,  is  composed,  ^tccording  to  my  analysis  (abstracting    Chap,  lit. 
the  imparities  with  which  it  is  usually  mixed),  of    . 

18  acid 

82  yellow  oxide 


lOQ 
With  this  analysis  the  constituents  of  the  diflTerenf 
varieties^  as  found  by  Klaproth,  coincide  almost  ex* 
actly  ^•^ 

Sp.1»     Carhonaie  of  Lead^ 

CAEaoMlc  kcm  has  no  actioo  whj^tejer  on  lead^uei* 
ther  is  it  capable  of  dissolving  Its  oxide}  but  it  com-> 
bines  readily  with  the  yellow  ox  ide,  and  forms  a  carbonate. 
This  salt  is  most  easily  obtained  by  prcfiipitatiiig  lead 
from  its  solution  in  nitric  acid  by  the  alkaline  carbonates. 
By  that  process  it  is  obtained  in  the  state  of  a  white 
powder.  It  is  tasteless  and  insoIttUo  is  water  $  but  so* 
table  in  pure  potitsh,  in  the  same  manner  as  the  oxides 
of  lead. 

The  vAitp  had  of  commerce  (or  cimsi),  employed  "^^^^  ^^^ 

9m  m  painty  is  merely  a  aarbooate  of  lead,  as  Bergman 

fiiat  obfterred  f  •    It  is  prepare  by  exposing  tbio  plates 

•f  lead  tp  the  hot  vapours  of  thoetic  acid«    The  metal  is 

padoaUy  corroded  and  converted  into  a  ourbooaten  pro* 

baUy  at  the  expeoce  of  tbe  a«id«     . 

This  salt  occurs  native  in  abundance.      In  that  ftatf 


*  Beitrqgef  iii.  146. 

t  Of  use,  i  39.  PruiMt  hat  Utcly  ihown  tlie  tame  th!n^.  fwr,  it  Thyi. 
\^.  TQf,  Scheele  foond  that  a  little  acetic  acid  was  always  iejmntcii 
Srom  it  when  white  lead  was  distilled  witli  tiilphvrlc  acid     Crtll**  Att 
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,  it  is  usually  white,  and  has  a  good  de^l  of  lustre.  lu 
I  specific  gravity  is  1*2357*.  It  is  so meti met  crystal- 
lized in  six-sided  prisms,  terminated  by  six-sided  pyra- 
mids, sometimes  in  regular  octahedrons  f,  and  some- 
times in  tables  %•  I'  i^  insoluble  in  water.  When  ex- 
posed to  the  action  of  the  blowpipe  upon  charcoal,  the 
lead  is  immediately  reduced  to  the  metallic  state. 

Thin  salt  has  been  analysed  by  some  of  the  most  »• 
pert  chemists.  The  constituents,  as  determined  by  iheil 
cxperineatSf  may  be  seen  in  the  following  Table : 


-r 

T 

-r- 

r^ 

Acid 

15 

1(3 

10-15 

16-33 

Yellow  oxide 

85 

li4 

83-85 

si-ai 

Toi.l 

100 

100   llOO 

100 

Sj>.  8.    Fiuate  of  Lead. 

FlooUC  ACIB  hM  BO  action  on  le»d»  dwngli  it 
Ainolvei  »  *awU  propoition  «f  the  yellow  ozids  of  tbit 
metsl  wheiLiiicre  it  uciMU  of  add}  butthcAa«««f 
Had,  fenced  by  wtvruiDg  the  acid,  it  n  inaohiblt 
powder,  ttbicb  melti  CMily  before  the  blowpipe,  ul 
iMago  iu  acid.  The  wid  is  driven  off«ba  bynilpboa 
liewtdtf. 


*  BMroM>,NickilMn'«  /mr.  i*.  lao. 
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S  dtetmit, Nicbobutt'i  ^Mrfp  /tur  it.  Hi. 

Itvpiaiif  Ofiuc.ii.  3fj.  ^  Ptuvt, /t^di^fif. M.»oy. 
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Sp.  0.     Borate  of  Lead.  * 

SoKACic  ACID  has  no  action  on  lead  ;  but  borate  of 
lead  is  precipitated  in  the  state  of  white  powder  when 
Itorate  of  loda  is  mixed  with  o Urate  of  lead.  Before 
the  blowpipe  it  melts  into  a  colourless  glass  *.  When 
one  part  of  faoracic  acid  is  melted  with  two  parts  of  red 
oxide  of  lead,  the  product,  according  to  Reiua,  is  agrcen- 

EIow,  transparent,  hard,  Jasolable  glass  f. 
TJ 


111.    Combustible  Salts. 

Sf.  10.     Acetatt  o/ Lead. 

XXtc  ACID,  as  Scheele  i  first,  and  Vauquelia 


Ccrwards  showed,  does  not  attack  lead  in  close  vcisels  ; 
but  it  occasions  its  oxidizcment  when  the  lead  is  in  con- 
tact both  with  the  acid  and  the  air,  and  the  oxide  is  dis- 
solved ai  it  forms.  It  dissolves  the  yellow  oxide  vtrj 
readilj,  and  forms  with  it  two  salts  \  the  first  contaiti- 
^ng  an  excess  of  aoitt,  the  other  oeutral, 

1.  SvferecelaleofLedd\f%s\ien,\oag\inavm.  It  is 
xncutioned  hj  Isaac  Hollandus  and  Rajmond  Lu%. 
It  received  formerly  a  great  varieij  of  names ;  such  •), 
■Wior  of  Itadfiugar  of  Saturn,  mil  of  Saturn,  tae. 

This  salt  is  employed  in  considerable  ijuaatities  hf 
dyers  and  calico-printers.  Thej  mix  it  with  alum  or 
with  sulphate  of  iron,  and  bj  that  means  compose  acetate 
of  alumina  or  ^of  iron,  according  to  the  process  t  salts 
which  answer  much  better  as  mordants  for  fixing  their 


•  WfOSel'l  VtruamA-  p.  IJl. 
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colours  than  alum  or  green  vitriol.  It  is  prepared  in 
•  contiderable  qtiinuties  bath  in  iliis  country  and  in 
HolUild  and  France.  The  Tnanufaciurers  distil  their 
own  acid  in  England  and  Holland  from  Sour  beer, 
and  in  France  from  sour  wine.  The  different  procei- 
ses  followed  by  manufacturers  have  been  deicribeH 
by  Weber  '  and  Demachy  t,  and  more  lately  by  Pon- 
tierj. 

These  processes  may  be  reduced  to  two  ;  eitber  lead 
in  the  metallic  state  is  exposed  to  the  action  of  the  ace- 
tic acid,  or  the  carbonate  of  lead  is  dissolved  in  il.  In 
the  first  case,  thin  plates  of  lead  are  put  into  earthen 
vessels  along  with  acetic  acid.  The  portion  of  the  lead 
near  the  surface,  as  soon  as  it  is  covered  with  a  coat  of 
oxide,  is  removed  to  the  bottom  of  the  vessel,  and  new 
plates  are  brougljt  to  the  surface.  These  are  incnilted 
in.  their  turn,  and  removed  to  the  boiiom,  where  the  ox- 
ide is  dissolved.  This  change  of  place  is  contini^ 
duly  till  the  acid  has  dissolved  a  suflicient  quantity  of* 
lead.  It  is  then  filtered,  and  sufficiently  concentrated 
by  evaporation.  As  it  cools,  the  acetate  of  lead  preci- 
pitates in  small  crystals. 

Other  manufacturers  dissolve  the  carbonate  of  lead, 
prepared  by  exposing  the  metal  to  the  fumes  of  vinegar  » 
Of  they  make  use  of  litharge  in  its  stead,  and  the  solti- 
lion  is  evaporated  in  the  usual  way  till  the  salt  crystal- 
lizei.  This  process  is  considered  as  more  expensive 
than  the  other  :  But  night  not  native  carbotiate  of  lead, 
which  is  found  abundantly  in  many  placesf  t>e  employed 
with  advantage  instead  of  these  artificial  oxides  ? 


t  Am.  A  Ctim.  fiXvu.  l68.         ^_  , , 
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SuperaceUte  of  lead  is  usually  in  ibe  form  of  smzll     Ch»p.  IIL  - 
needle-shaped  crystals,  wlijch  have  a  glossy  appearance    Proptnlct. 
like  satin,  and  are  flat  four-sided  prisms,  terminated  by 
:,  dihedral  summits.     Its  taste  Js  sweet  and  somewhat  as. 

^  iringenl.     Its  specific  gravity  is  2-345  *.     When  wa- 

s  ter  is  boiled  upon  this  salt,  it  dissolves  about  ■29,  and 

►  retains  in  solulion  when  cold  about  'ST  of  its  weight  of 

U  -f.  When  exposed  to  the  air,  it  undergoes  no  change. 
■  J(^  constiincnis  are  easily  separated.  When  itis  dissol- 
I  «r«d  in  water,  a  small  quanlity  of  white  powder  usually .  "■ 
I  £kIU.  It  is  carbonate  of  lead,  formed  by  the  carbonic  a. 
F  c?a^,  which  usually  exists  in  water.  When  we  blow 
B^srough  a  solution  of  superacetaic  of  lead,  ihe  same 
^i^hite  powder  precipitates t-  , 

This  salt  is  decomposed  by  all  those  acids  and  their 
<;onipooDds  ivhich  form  with  lead  a  salt  nearly  insolu-, 
"fele  in  water;  as  tlie  sulphuric,  phosphoric,  muriatic,^ 
AudHC,  oxalic,  malic,  £ic.  When  heated,  it  is  decom- 
poted  1  and  if  it  be  distilled  in  a  retort,  very  singular 
pmdacts  are  obtained.  Tliese  products  were  first  esa-  fmniti  ' 
mined  by  Beccher  i  afterwards  by  fiaume,  and  more  """ 
pariiealarly  by  Pluvinet ;  But  it  is  to  Proust  that  we 
^e  indebted  for  the  most  precise  information  on  the 
frject.  By  distilling  itio  parts  of  sugar  of  lead,  he 
uned  by  a  gentle  heat  12  parts  of  water  slightly  a- 
tidtilated  with  vinegar.  Then  by  increasing  the  fire, 
ttieie  came  over  12  parts  of  b  yellow  liquid,  having  the.  ^ 


•  HiMRlfcitl,  A".  A  Ctin.  It 
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_^**  ^      odour  of  alcohol,  strong  and  agrCcaUe,  though  mixed 
■^  ^  ^j    with  an  emp^reumaiic  smell.     When  lime  is  added  to 
the  liquid,  ammonia  is  disengaged,  which  existed  ia  the 
liquid,   combined  with  a  slight  excess  of  acetic  acid. 
When  the  liquid  was  saturated  with  potash,  &nd  allow, 
cd  to  remain  for  24  hours,  about  ^d  of  a  part  of  oil  se- 
parated and   floated  on  ilt  surface.     This  oil  being  sr. 
parated  by  a  syphon,  was  found  to  have  a  strong  odour. 
The  liquid  Was  then  distilled  by  means  of  a  low  heit. 
The  first  eight  parts  which  came  o^er  were  of  the  spe. 
cllic  gravity  0'B8.     This  liquid  mixed  with  water  ex. 
Kctly  like  alcohol.     Tcs  taste  was   strong,  and  its  vola. 
tility  scarcely  inferior  lo  that  of  ether.     It  burns  ra- 
pidly, and  with  it  large  while  ftame,  when  brought  neac 
slighted  caudle.     It  contained  manifestly  a  considerable 
portion  of  water*.     During  the  distitlatioa  abundances 
of  carbonic  acid  gas  is  disengaged,  but  no  sen&ible  por- 
tion of  any  other  elastic  fluid. 

The  constituents  of  superacetate  of  lead  are 

SO  Kid 

SSyellowoxide 

10  water 

100 
S.  jlctfttte.  The  luture  of  (bCi  sdt  was  first  poiatetK 
oBt  by  Scheele  f  ;  but  Theiitrd  first  mvestigUed  its  pro — 
pntiet  with  precision  {.  It  may  be  formed  by  boiling 
together  in  ^ter  100  parts  of  the  sugar  of  lead,  and  I5CC= 
parts  of  dry  lithai^e  deprived  ef  carbonic  add,     I;^ 


•  PreuH,  Jtur.  it  Fiji,  Ivi.  S09. 
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K  U  less  sweet ;  it  is  leas  soluble  in  water ;  asd  i 


cry. 


staltizci  in  plates.     [[  is  composed,  according  to  Tbi 
uaid,  of  the  following  proportions  : 
^^^  n  acid 


100 


The  solution  of  the  oxido  of  lead  in  acetic  acid  was 
strenuously  recommended  bj  Goulard,  a  surgeon  in 
Montpelier,  as  an  excelleat  application  in  casciof  Jnflam- 
tnalion.  It  was  prepared  by  boiling  distilled  vinegar 
on  litharge  till  it  refused  to  dissolve  Sny  more  of  the 
oxide.  This  preparation  was  distinguished  by  the  names  • 
of  Caulard't  t:ilract  and  •uintgar  of  Itad.  Scheelc  first 
ascertained  the  nature  of  thissubstance,  by  showing  that 
solution  of  sugar  of  lead  in  waier  is  conrcrted  into  Gou- 
iard's  extract,  by  keeping  in  it  a  plate  of  lead  for  tba 
flpace  of  a  day  ;  and  by  proving  that  the  soluiioo  ozi* 
dized  and  dissolved  a  portion  of  the  plate  *.  But  sub- 
scqueot  writers  had  overlooked  the  observations  of  this 
chemist,  till  Dr  Bostock  examined  Goulard's  extract, 
•nd  by  comparing  it  with  sugar  of  lead,  showed  that  it 
is  in  reality  a  solution  of  acetale  cfltad  in  water  f.  It 
is  precipitated  in  much  greater  proportion  by  carbonic 
and  than  the  superacetate  ;  and  it  is  a  much  more  deli- 
cate  test  for  mucilage  or  gum, "as  was  known  to  chemists 
".ong  before  Mr  John  Honter  employed  it  as  a  reigeDl. 
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SALTInSI ' 
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-■'--,  1        1  .j.^^  **•     Succinate  0/ Ltad. 

Sdccivic  acid  scarcelj  bUbcIu  lead,  but  it  duiolvn 
i(s  yellow  oxide  ;  and  the  soIulioD,  according  to  Wen- 
2e I,  yields  long  slender  foliated  crystals',  scarcely  10- 
hible  in  water,  but  solable  in  nitric  acid.  Succinic  a- 
cid  does  not  precipitate  lead  from  niinc  or  muriatic  b« 
cid  ;  but  it  occasions  a  piecipitate  ip  acetate  of  lead  +. 

'■  Sfi.  1:.     Betr^oatt  0/  lead. 

^Benzoic  ACID  dissolves  lead  with  difficulty.  Tbo 
solution  yields  by  evaporation  crystals  of  bcnzoate  of 
lead  of  a  brilliant  white  colour,  soluble  in  alcohol  and 
W2ter  ;  not  altered  by  exposure  to  ilie  air,  but  decom- 
po*ed  by  heat,  which  drives  off  their  acid.  The  sul- 
phuric and  muriatic  acids  separate  the  lead  t. 

S^..l3.     Oxalate  c/  Lead, 

*-\i  ■;,/  ;••:■■■■.  c  r ,:;  ,  .'.:-.■ 
,  ^Oxalic  acid  Uadunt  lead*  ^at  it  is  aocrcely  cipz- 
.Ue.o£<^ssoWifl(it  j  but  it  diisolres  iti  deutoxide,  and 
.when  aearly  saturate  dcpotitH  unall  cryitalline  grain*  - 
•f  <u^>t«  of  kadt  The  note  ayitals  aro  precipitated 
jfvhen  oxalic  acid  i»dropt  lato  the  nitratCf .  nuuiate,  or  s- 
^tat«  of  lead  disuhred  ia  water.  They  are  insoluble 
^  alcohol,  and  jcarccly  soluble  in  wattr,  oaUss  they 
^on^aia  an  excess  of  and.  They  are  composed,  ac. 
Miding  to  Bergman's  aaalyits,  of  about 


•  Wenitl'a  fVwun/ p.  I4I. 
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'^  '    '  -i^.U.     Mtttate^of  Liad.*^     '^ '    '     ^ 

Mellitic  acid  occasions  a  white  precipitate  when 
dropt  into  nitrate  of  lead ;  but  the  precipitate  is  redis* 
solved  bj  tbe  addition  of  nitric  acid  f.      c     .    "  .  7-T 


Sp*  15.     Tartrate  of  Lead* 

TAKTA&fC  ACID  has  no  action  on  lead  ;  but  it  com- / 
bines  with  its  oxide,  and  predpitAtes  tartrate  of  lead,  in  : 
the  state  of  a  white  powder,  from  the  nitrate,  muriate,  : 
and  aoetale  of  that  metaL  This  salt  is  completely  ia-.* 
soluble  in  watier  t*  Its  constituents,  according /to  the-^ 
respective  analyses  hitherto  hiade,  are  as  follows  : 


1 


<    T                    • 

♦ 

ii    1 

T 

Acid 

34 

37 

3T44 

Yellow  o^ide 

•  « >  • 

.   66 
100 

63 

.62'56 

Totid 

100 

100 

■•  o 


Sp.  16.     Citrati  of  Lead. 
QlJKic  AOiD^does  not  attack  lead  ;  but  when  dropt 


*  Bergman,  i.  167.  f  KbfyBotkV  JBeitrtge,  iii . '  t ;  i 

\  Bncbttb,  Gchlcn's  Jour.  v.  269. 

)  Theoird,  Amu,  de  dim,  xxxvili.  37. 

\  Bucbolz,  GchlcD*8  Jwr  v.  269.        ^  By  my  analvftlf. 


^%,    into  aeetate  of  letd,  x  cicrxte  precipiutci  in  the  tUM  of 
V^W   4  difficultly  Bcluble  i>owder  *. 

Sf.  n.     Saecolatt  of  ttad. 
Saclactic  acid  occasions  a  white  prectpitale  whea 
dropt  into  oitraie  of  lead  f , 

Sp.  1».     MalaU  of  Lead. 

Malic  acid  docs  not  attack  lead  ;  but  when  pourrd 
into  a  lolu'ion  of  lead  in  nitric  or  acetic  acid,  malate  of 
lead  is  immediately  precipitated  t  >  and  likewise,  as 
Vauquelin  has  observed,  wb«ti  acetate  of  lead  is  poured 
into  a  solution  containing  malate  of  lime.  This  preci- 
pitate  is  easily  distinguished  by  the  form  of  fine  light 
flakei  which  it  has,  and  by  the  facility  with  which  it 
it  dissolved  by  the  acetic  and  weak  nitric  acids  j. 

Sp.  le.     Lactatt  of  Ltad. 

tACTK  ACtDt'wben  digested  npoa  lead  tor  leTenl 
4»y%,  dtitolTci  it.  Tbc  lolotioa  hu  •  sweet  ■•dutria. 
|CBt  twte,  utd  dsei  Dot  crjtttUizc  {|. 

Sf.  so.     Syhmtt  ofLtad. 

StrSEKlo  ACID  precipitates  lead  from  tile  teetic  aoj 

lutiic  acids  f . 


*  Wtniel')  rtrmmtiet^,  p.  184.  f  fehccb,  ii.  8o« 

tScbule,  CnU'i..teMb,ii.}.£ii(. Triad. 
i.MM.tUCtim.  IIIV.I55.  t  Schr«b,  IL  16& 

f  BoaiUoii  LipMgc,  ^uf.  ii  CUi.  njH.  48. 


IV.   Metalz4^c  Salts* 

Sf^  21.     ArsemaU  of  Lead. 

Arszihc  acid  attacks  lead  in  a  digesting  heat,  cotn- 
mnnicates  a  portion  of  its  oxjgen,  and  converts  it  into 
arseniate  of  lead  in  the  state  of  an  insoluble  white  po'w-' 
der.  When  arsenic  add  is  poured  into  the  solution  of 
lead  in  nitric,  rotrriatic,  or  arsenic  acids,  arseniate  of 
lead  precipitates  in  powder.  When  this  salt  is  heated 
it  ineits ;  and  if  charcoal  be  thrown  into  the  mass  while* 
in  fusion,  apenic  is  volatilized,  and  the  lead  is  reddced ; 
the  charcoal  abstracting  the  oxjgen  from  both  of  the 
component  parts  of  the  salt. 

Arseniate  of  lead  is  completely  insoluble  in  water* 
It  has  been  found  native.  According  to  the  analysis 
iof  Cheneviz  and  Thenard^  its  constituents  are  as  foL 
Sows: 


♦ 

t 

Acid 

33 
63 

35'7 

Yellow  oxide 

64-3 

Water 

4 

Total 

100 

100 

Sp.  22.     Molyldate  of  Lead, 
mt  action  of  moljbdic  acid  on  lead  has  notbeea 


*  Chenevix,  Pbil,  Trams.  l8oi,  p.  199. 
\  Thenard,  Ann,  de  dim.  1.  X23. 


"«* 


tried  ;  but  Schcele  Rsrertained;  that  when  dropt  intotlic 
solution  of  lead  in  nitric  or  muriatie  acid,  molybdale  of 
lead  was  immediately  precipitated  *.  The  precipitsic 
from  nitric  iicid  is  redissolved  t>v  adding  nitric  acid  f . 

This  salt  occurs  native  in  Carinthia.     Its  compoiu. 
tion  was  lirst  detected  hy  Kiaproth.     It  hu  2.  yellow    J 
colour,  and  is  completely  insoluble  in  water.     Its  spc< 
ci&c  gravity  is  yips  %.  Its  crystals  are  cubic  or  rhom- 
boidal  plates.     When  heated,  it  decrepitates  and  melts 
iDto  a  yellowish  mass.      It  is  soluble  in  fixed  alkalies 
and  in  nitric  add.     Murisiic  acid  decomposes  it  by  the: 
assistance  of  heat,  and  carries  off  the  lead.     According^ 
to  the  analysis  of  Klaproth,  it  is  composed  of  about 
,     Si'iacid 

65"  3  oxide  _ 

100-0 j 

Nitrated  tonostate  of  -potash  occasions  »  whit^ 
precipitKte  id  nitnte  of  lead  t|. 

Sf.  24.  '  Cinmatt'ofttad. 

This  salt  biay  be  idtmiiA  by  miatig  toother  the  so— 
lotioDi  of  nitrate  of  lead  aodlinatkallne  ctuonwte.  Th^ 
chromate  of  lead^  in  that  ease,  precipitates  ia  the  ttat^ 
of  a  red  powder ;  but  it  exists  native,  aod  is  indeed  th^ 
compound  from  which  chromic  acid  is  niually  ob— 
Mined. 


•  Schecic,  i.  3^4  f  Hstcbett,  fhU.  Tmi.  1796. 

;  ibid.  \  ^'trtgi,  il  %^i,  \  Schcdc,  ii. 


^-^ 


Its  Golopr  n  Ttd  with  a  shide  of  yellow ;  apd  iis  cry-  ^ 
atals  are  four-sided  prismi,  sometimes  terminated  by 
fifnff-tided' pyramids.  Its  specific  gravity  is  about  6. 
It  is  insoluble  in  water,  but  soluble  in  the  fixed  alkalies 
without  decompo^tion.  Nitric  acid  also  dissolves  it ; 
but  muriatic  and  sulphuric  acids  decompose  it,  prectpi* 
^^&  ^  fating  the  lead  in  Hbf  state  of  muriate  or  slUl^hate,    Ac- 

cording  to  the  analysis  of  Vauquelin,  it  is  composed  of 

about. •  ••••••  ^ 34*9  acid 

65'1  oxide 


r^i 


n 


c> 


lOO'O  * 


V.   Triple  Salts. 

ff»  25.     Tartrate  of  Potasb-and^Liod* 

This  triple  salt  may  be  formed  by  boiling  tartar  and 

•      ■  

oxide  of  lead  together  in  water.  Thenard  informs  us 
that  it  is  insoluble,  and  that  it  is  neither  decomposed  by 
alkalies  nor  by  sulphates  f. 

f 

I  Sp.26»     Muriate  of  Ammonia'-^md''Lead^ 

This  triple  salt  may  be  formed  by  mixing  together 
^  I  the  solutions  of  muriate  of  ammonia  and.  muriate  of 

lead,  or  by  boiling  muriate  of  ammonia  on  oxide  of  lead. 
'Xlie  solution  yields  no  precipitate  when  mixed  with 
sulphuric  acid 9  but  the  alkaline  carbonates  throw  down 
^lie  lead  %. 


*  Jottr*  ii  Mn,  )4o.  zuiv.  p,  790. 
f  Thenard,  Aum,  de  Cbim,  xixviii.  36. 
I  Ibid.xlu.fll8. 


I,  5^.21.     Muriate  of  Ltad-and'Tin. 

This  salt,  first  pointed  out  by  Berthollet  junior,  maj 
be  obtained  by  digesting  muriate  of  tin  on  the  oxide  of 
lead.  It  \%  lormed  also  when  muriate  of  tin  is  mixed 
with  a  greater  proportion  of  acetate  of  lead  than  it  is 
capable  of  diKolving.  It  crystallizes  in  thin  Kales  of 
a  pearly  lusire,  and  so  soft  that  the^  easily  run  together 
into  a  sliapelcss  mass.  This  salt  contains  a  greater  pro> 
poition  of  lead  than  the  muriate  of  that  metal  docs  ". 

Genus  XIII.    Salts  of  Ntckkl. 

Thx  scarcity  of  aickel,  tad  die  djficolty  of  obtdmog 
it  in  »  sttte  of  purity,  haTC  hitherto  prevented  th4  pu. 
sibiHty  of  wi  Momte  cxaarinuion  of  the  combtnatioas 
which  its  oxide  fonns  with  acids.  The  salts  of  nickel* 
therefor^  ve  it  preKnt  hot  vtrj  inperfeetlj  knowa. 
They  Bity  be  distingaished  by  the  feUowin^  proper, 
ties : 

1.  Its  salts  are  io  general  solable  in  w»ter,  *ai  the 
soluUon  has  a  bcautifii)  grcea  colour. 

2.  Triple  prussiate  of  potuh,  when  dropt  into  these 
tolaUoQS,  occasions  a  precipitate  of  •  dull  green  colour. 

*  3.  The  hydrosulphuret  of  potash  occastom  a  bla^ 
precipitate. 

4.  Sulphurcted  hydrogen  gas  occasions  no  precipi. 
tale. 

5.  Gallic  acid,  and  the  infusion  of  nutgalls,  occasion 
a  greyish  white  precipitate. 


Sp.  I.     tfilrati  «/NieSt2. 


Rie  ACID  dissolves  nickel  or  its  ozidr  when  ■&• 

bj  hett.  The  solution  bu  a  green  colour,  and 
bj  evaporation  nitrate  of  nickel  in  the  form  of 
sidal  crystals,  which,  on  exposure  to  the  air,  at 
liquesce,  but  afterwards  fall  to  powder,  and  gra* 
lose  their  acid,  to  that  only  the  oxide  of  nickel 
a  behind".  The  nitrate  of  nickel  conisins  the 
ide  of  that  metal.  If  it  be  distilled  cautiously, 
itrate  may  be  obtained  insoluble  in  water,  vA 
ted,  according  to  the  analysis  of  Proust,  of 

nickel     100 -^ 

oxygen    z5  5  ' 

acid  17 

142  + 
I  of  nickel,  according  to  the  s«me  chemist,  U 
f  55  add 

ZS  oxide 

2D  water 

100 

Sf.O.     Muriate  of  NicktI.  ' 

IC  ACID  scarcely  attacks  pure  nickel,  cspe* 
fit  has  been  hammered.  The  best  solvent  is 
iriatic  acidt.  The  solution,  which  has  a  greea 
vields  when  evaporated  irregular  crystals  of  niu* 

|bi,B.  i6B.  \  Am.  it  Ch'iT.  It.  173. 

Her,  Gchln't  /.»'.  iiL  ajt. 


^    riate  of  nickel,  tvbicb  are  decomposed  hj  heat  and  hj 
■^   Jong  eiposurc  to  the  air,  though  U  fint  the^  deliqucioe 
liks  nitrnK  of  nickel  *. 

-  The  colour  of  thi«  lali  ii  applc-grecn.  It  ttsins  pi-> 
per  fc How.  When  heatid  n  lo»M  55  f «'r  f«t'.  of  wi. 
ler,  and  is  converted  into  >  ycWow  anhydrous  roDriat^^ 
which  becomes  green  hj  absorbing  water  wlien  expoMd't 
t»  the  air.  When  heated  uiflictently  in  a  glus  rctoi^ 
that  portion  only  which  is  ia  contact  with  the  glass  itt 
dccompOBcd  ;  the  reit  fublimev  in  golden  yclloii'  flow>r 
ttt,  which  gradually  absorb  water  and  became  grcea^ 
Muriatic  acid  dissolves  them  with  diiliculty.   . 

Tliis  salt,  according  to  Proust,  is  composed  of  kboi}t 
Slojcide 

II  acid  1.1. 

35-Water 

,r  ■:-.      .i       -foot    ■:  ,^:I^,.::^    uDm^dT 

SuLFHURic  Aciq  icarcalj  attacks  pure  nickel^  thongh 
it  dissolves  it  when  contaminated  with  other  metals. 
The  solution  is  of  a  beautiful  green  colour,  and  yields 
by  evaporation  loag  fif-sided  prismi)tic.frystali  of  the 
sulphate,  terminated  by  irregular  pyramids.  This  salt 
is  *Kj  lolobtc  fit  water.  The  crystab  «tf  oMSce  iatlie 
air,  and  beoome  epa(]UQ  %•  When  stroogtf  heiatcd  tn-B'> 
oMted  Ktorl,  it  is  partiy^reduoed  to  the  stat«  Af  mttdn^  - 


«  Bcrgmiti,  ii.  36S.  i  An*,  di  CtimAi.  ifj. 

J  Prmiit,  Jtur,  4  Ptji-  ilrii.  171.  ,    , , 


»icux.«  M0 


ib«ulphate«    Accordbg  to  tl 
alt  is  composed  of  35  oxtde 

19  acid 

40  water 


f,  .  .    Wft*       .        V  -..    ...:: 


•    I .  ■• 


Sp.  4.     Phosphate  o/NuieL 

Phosphohic  acid  is  capable  of  dissolving  only  a 
very  small  portion  of  the  oxide  of  nickel.  "It'bVMlu* 
tiod  does  dot  yield  crystals,  and  -  Ifas  scaroily 'eVeif  '^ 
green  coloorf»  Hence  it  would  j^em  that  the  phos- 
phate of  nickel  is  nearly  insoluble. 

Sp»  5m     Carhonate of  NidiL'       .-.,    ^ 

It  does  not  appear  from  the  experiments  of  Brq^- 
man,  that  <^bonic  acid  is  capable  of  combinmg  wfth 
nickel  diiVctly.  When  100  parts  6f  pure  nickel  a& 
dissolve!  \tt  nitric  aeid,  and  precipitated'  by  catbohatb 
of  potashy  the  precipftatrweigbs  when  drieU  T^fS  partr; 
but  when  heated  to  redness  it  becopi^  128.  Hence 
carbonate  of  nickel  must  be  composed  of 

56'4  acid  and  water  "'   "  -'-^ 
43'Gbxide         '  :  ■     7 


According  to  Proust  the  oxide  amounts  to  54  per  centi 
in  this  salt  $. 


•  Aim,  it  Chim.  Ix.  174.  f  Bergman,  ii.  968. 

t  Richter,  0<hlcB*»  Jmr.  ilL  25S.         §  ^"^^f^^^ifU^^^  -» 


\ 


Sf.  c.  and  7.     Fhiate  and  Soratt  ofNiciA 

Fluokic  aciq  dissolves  nickel  with  difficulty,  ud    j 
the  solution  fields  light  gre co-coloured  cr^staJt*. 

Boracic  acid  cui  only  be  combiacd  wiib  uickel  bj 
nuxiog;  an  alk&linc  borate  with  a  solution  of  nickel  ik 

Sf.  6.     Afttatt  o/iiuiil. 
ABKXK  ACIB  diuolvat  aickd,  ind  i<x^*  wiA  Ut 
•^ttf  AMftboidtl  oryittli' of  m  vetj  gKca  mioor  f . 

Sp.9,     OiuUett  of  SieJtiI. 

Ctauo  ACin  Attacks  oickel  at  a  digesting  beat,  ud 
%  greenish  white  powder  ii  deposited,  which  is  the  ox- 
alate of  that  metal.  The  same  salt  is  precipitated  whea 
«xalic  acid  is  dfopt  into  the  solution  of  nickel  to  9ul> 
^uhc,  ni[tic,  or  nuiiatic  acids.  It  is  scarcely  soluble 
io  water,  and  is  composed,  according  to  Bergman,  of 
Vro  pacta  of  aeid  to  one  of  mttal  %• 

S^.  10.     Tartnai  ofNicitl. 

TasI ABIC  ASIA  doM  not  Mtack  nickel  $.  The  cdm- 
poaad  which  it  fanu  witb  iu  oxide  has  not  been  exx- 
'kinod.  Kadier  an  we  lequiAtod  with  anj  of  the  re* 
Alixiof  species  of  the  combostiUc  nits  of  otckeL 

Sf.  11.     Aftimat*  afSiritl. 
AtaZMie  ACIB  does  Dot  appear  capable  of  dissolvtuf 


•  Bcrgnu,  iL  s0L  t  It 

|ibiJ.p.96f.  jn 


pure  nickel.  The  arsenate  of  ihts  metal  is  soluble  in 
water.  Hence  nickel  is  not  precipitated  from  its  solu- 
tions either  by  arsenic  acid  or  the  arscniatcs".  Thia 
arseniate  has  an  apple-green  colour.  When  heated  in 
a  glass  lube  it  loses  its  colour  with  its  water  and  be- 
comes hyacinth  coloured  and  transparenl.  ^VTien  heat- 
ed to  redness  it  becomes  bright  yellow  and  remains  un- 
slteredf . 

Sp.  12.     Molybdalf  of  Kiciil. 

MoLTBDic  ACID  precipitates  nitrate  of  nickel  whiip, 
I  Jtovided  there  be  no  excess  of  nitric  acid  %• 

^k  Sp.  \Z.     Sulphate  of  Nicitl-tmd-Potath. 

This  salt  was  first  described  by  Proust,  who  availed 
himself  of  its  properties  as  a  means  lo  separate  nickel  and 
cobalt  i  a  problem  which  haslong  occupied  the  attention 
of  chemists  f .  It  may  be  formed  by  dropping  potash 
into  a  solution  of  sulphate  of  nickel.  By  evaporation  \\e 
triple  salt  is  obtained  in  crystals.  Il  is  sparingly  solu- 
ble in  water.  The  crystals  ate  transparent  rhDmbotd:> 
of  a  beautiful  emerald  colonr.      By  dissolving  this  salt 


1^  The  prccipiiatei  mFRtiimeii  T'y  Bcif^mati  ind  Iiiiicclc,  »  Kppnrir^ 
a  Kitutiaiu  of  nidicl  were  miii:i]   with   arieDiate  olpetaih,  wet<r 
tcof  biunulh  ;  for  tbal  mcEil  ii  uniall]' picicni  in  lolu* 
tionibf  impure  nickcl- 

f  Praow.  Ah..  J,  dim.  Ix.  ijh  T  Haic^t,  PHI.  Tmrri.  ifirf. 

fllicnio^t  elcgint  method  of  itpmlmg  thcielwo  mculi  kmiu  tf 
be  ihM  ol  ThoMiiL  'I'he  miiluie  nf  the  iwd  meialo  it  la  he  thrown 
down  ij  la  alkaline  carbonati:,  and  ilien  iruteJ  wilh  ni;-murliiE  uF 
liuie.  The  (cibili  it  (onveiie'l  into  a  peroxide  ihtolutle  in  ainrounit, 
bill  the  nickel  itMill  soluble.  Dlgcic  in  ammooii.  The  nickel  ili^  i> 
taken  vp.  Driw  off  the  amounii ;  ditioUc  liic  oiid«  in  nitric  acid,  apt 
crfulliit.    An.JtCtiii.l  iir. 


BoAII.  in  water,  and  cryslallizmg  it  repeatedly,  tlie  sulphate  of 
■  111  ^'  r  cobalt  is  left  behind  in  the  mother  water,  being  much 
Ic«s  disposed  to  crystallize  than  the  triple  salt  of  nickel. 
"The  taste  of  the  sulphate  of  nickel -and-potash  i»  »wcct 
like  that  of  sugar  of  milk;  but  it  leaves  in  the  aioulh  a 
sentible  acridity  *. 

When  this  salt  is  heated  it  loses  2\per  cent,  at  WAUr, 
It  oontains  only  l^  per  cent,  of  oxitle  of  nickel  t- 

Sp.  14.     Svlfbatt  <if  Niciil-and-jimmma. 
.  Viuwa  tnuDoni*  is  poured  ioto  Uie  wlation  of  ml. 
phate  of  oickel,  BQother  triple  mU  it  foroK<^  .which 
yields  by  evaporation  crystzts  of  a  greed  colour,  consist' 
ing  of  ftAir-n^led  iat  pttHni  ter^iDatcd'by  f^r-sided 

•  ■'■  •  -  Sp.  15."  Suyiatt  a/Niciel-nnd-Iron. 

^<  ^KU  salt  msjr  bf  e^Uiotd  by  mixing  togetlier  the 
sohitiobs  of  BitrUf!|~of[^ickel  and  sulphate  of  iron,  aod 
crmpoiating  Iho  mijiture  ^  oc  by  dissolving  at  once  the 
oxides, of.tjickel  and  iron. in  sulphuric  acid.  The  salt 
^ystaUizes  in,  tabtea  I' its  colour  is  green  :  and  it  cfflo- 
resces  wbea  exposed  to  the  atmosphere  }. 

Sp.  IS.     Nitratr .of  NiciiUaaJ-jimmtmia. 

Tbis  ttiple  salt,  first  pointed  oat  by  Thenard,  b  oK 

tained  by  adding  ammonia  in  excess  to  the  nitrate  of 

nickel.     By  evaporation  a  green  coloured  nit  is  ob« 


•  ProuM,  Mr.  Ji  Phji.  ilriL  169. 
t  ProDit,  A/in.  it  dim.  \x.  174. 
1  Link,  Crell'tjiua/r,  1796,^31. 


iin  crjslab.       The  solution  of  ltti&  salt  in  water    ^ 
is  not  rcDdered  lurbid   by  alkalies ;  but  the   nickel  is 
thrown  down  by  hydrosulphurels  *. 

Sp.  n.      SulphaU  of  Nickel.  Copper. and.Uon. 

This  salt  is  said  hj  Link  (o  be  formed  when  the  so- 
lution of  nickel  in  nitric  acid  is  mixed  with  sulphate  of 
copper.  It  crystallizes,  according  to  him,  in  blue-co- 
loured prisms  terminated  by  four-sided  pyramids,  and 
when  exposed  to  the  air  falls  to  powder  ;  but  his  expe- 
timCQls  would  require  to  be  verified  by  repetition  t> 

Gekus  XIV.    Salts  of  zinc. 


■i^MdsT  all  the  acids  act  with  energy  on  xinc,  in  con- 
^Kquence  of  the  strong  affinity  which  it  has  for  oxygen. 
The  salts  of  line,  therefore,  arc  very  easily  formed; 
and  ss  the  peroxide  only  seems  to  combine  with  acids, 
they  are  not  liable  to  change  their  state,  like  the  salts 
of  iron  and  tin.  They  may  be  distinguished  by  the  fol- 
lowing  properties  : 

1.  The  greater  number  of  them  are  soluble  in  water,   chjncte" 
and  the  solution  is  colourless  and  transparent. 

2.  Triple  prussiate,of  potash  occasions  a  white  pre- 
cipitate when  dropt  into  these  solutions. 

3.  Hydrosulphuret  of  pota&h  and  sulpbureted  hydro- 
gen gas  occasion  a  white  precipitate. 

4.  Gallic  acid  and  the  jnfusioa  of  nutgalls  occasion 
^frecipiiate  when  dropt  into  these  iolutions. 


BMk  IL         5,  Alkalies  occasion  a  white  precipitile»  wbkb  is 
■  nwUly  dinolved  by  sulphuric  or  muriatic  acid> 

0.  ZiDC  is  not  precipitated  in  the  metallic  fom  hf   i 
9BJ  of  the  Other  metals. 

1.  D£TONATiMO  Salts. 
Sfi.  1.  Nitrate  o/Zhc. 
.  IfiUie  ^iD  attacks  zinc  with  pTOdigious  violence, 
mad  hu  beat  said  even  to  tnRaroe  it.  It  is  necessary 
,  to  modente  its  actioa  by  using  it  in  a  diluted  state  : 
even  then  cansidciablc  heat  is  evolved,  and  a  strong 
cServesccDCe  is  occasioned  by  tbe  escape  of  nitrous  ox- 
ide ijas. 

The  soluiion  is  transparemt  and  colourless,  very  caus- 
tic, and  yields  by  evjporatiun  fiat  striated  tetiabedral 
pri»ins,  terminated  by  four-sided  pyramidi.  The  spe- 
cific gravity  of  these  crystalsis  S'0U6  *.  Tliey  atusct 
moisture  when  exposed  to  lh«  air.  They  are  aotuble 
both  in  water  and  alcohol.  When  healed  they  null 
and  detonaie  on  burning  coals,  emitting  a  red  flame 
When  distilled,  they  eout  red  vapottn  efMirau  tad, 
-and  assume  a  gelatioous  form,  ilo  a  ttrong  bett  t^j 
are  dccompf)icd  completely,  giving  oat  nittoaigaaaod 
oxygen  gas. 

II.    Ikcombostule  Savu. 
Sp.2.     Muriate  of  Zinc. 
^QKiJiTic  ACiQ  dissolves  zinc  rapidly,  and  with  ef- 


*  Hiwaifrati,  Jm.  ii  dim.  sxriiL  is. 


fierveicence,  owing  to  the  emission  of  hydrogen  gas.  ' 
The  solution  is  colourless  ;  and,  when  evaporated,  does 
Dot  crjsialHze,  but  assumes  the  form  of  a  jelly.  When 
distiUed,  a  little  of  its  acid  separates,  and  muriate  of  zinc 
remains  behind  in  a  solid  mass,  easily  fusible.  It  was 
formerly  known  by  the  name  oi  iattfr  of  zinc.  Whea 
heated,  it  sublimes,  and  is  obtained  in  a  mass  of  a  fine 
iriiite  colour,  composed  of  small  needles.  Its  specific 
gravity  is  l'57Tt.  It  is  very  soluble  in  water;  and 
when  exposed  to  the  air  gradually  attracts  moisture, 
and  susumes  a  gelatinous  consistence.  Sulphuric  acid 
decomposes  it,  and  the  alkalies  precipitate  the  oxide  of 
zinc  from  its  solution  X- 

Sf.  3.     Sulphatt  ofZine. 

CoNCE)fTRAT£D  Sulphuric  acid  scarcely  acts  upon 
zinc  without  the  assistance  of  heat ;  but  if  it  be  suffi- 
ciently diluted  with  water,  it  attacks  the  metal  with 
force ;  hydrogen  gas  is  emitted,  and  the  zinc  is  very 
speedily  dissolved.  In  this  case  the  water  is  decompo- 
sed ;  its  oxygen  combines  with  the  metal,  while  Its  hy- 
drogen is  exhaled.  When  the  solution  is  sufficiently 
concentrated  by  evaporation,  it  yields  the  sulphate  of 
zinc  in  crystals. 

This  salt,  according  to  the  best  accounts,  was  disco-  Hinory. 
vexed  at  Ramelsberg,  in  Germany,  about  the  middle 
of  tbc  iSth  century.  Many  ascribe  the  invention  to 
Jaliui  Duke  of  Brunswick.  Henkel  and  Neumann 
were  the  first  chemists  who  proved  that  it  contained 
zinc ;  and  Brandt  first  ascertained  its  composition  com- 


V\KKaa^zut,  Aon.  4i Cliim.^3.Tui.  13. 
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pletely*.       It    ii   generally   foimed  foi   cotnmercMt' 
purpoKi  from  sulphureted  zinc,  or  blende  as  it  is  cmll- 
«d  bj  mincralogislE.       This  ore  is  roasted,  which  con- 
verts the  sulphur  into  an  acid  ;  it  is  then  dissolved  in 
water,  and  concentrated  so  much  that,  on  cooling,  i 
crystallizes  very  rapidly,  and  forms  a  mass  not  unlikl 
loaf-sugar.       This  salt  is  usually  called  white  vitri 
It  is  almost  always  contaminated  with  iron,  and  oCti 
with  copper  and  lead.     Hence  the  yellow  spots  wbi 
are  visible  on  it,  and  hence  alsn  the  ressoo  that  its  ■ 
1  water  lets  fall  a  dirty  brown  sediment  ;  a  c 
e  very  much  complained  ot  by  surgeons  whi 
they  use  liiat  solution  in  medicine.       It  may  be   easily 
purified  by  dissolving  it  in  water,  and  putting  into  the 
solution  a  quantity  of  zinc  tilings  ;  taking  care  to  agi- 

.  tate  it  occasionally.      The  zinc  precipitates  the  forcigaB 
metals,  and  takes  their  place.     The  solution  is  tben  ll 
be  filtered,  and  the  sulph^ile  of  zinc  may  be  obta 
from  it  in  crystals  by  proper  evaporation. 

There  are  two  varieties  of  this  sale,  the  mlfhate  ■ 
superivtphale.  The  sulphate  crystallizes  in  rhomboid^  ' 
diflcring  very  little  from  cubes  f .  It  is  colourless  and 
perfectly  transparent ;  its  fracture  isvlueous,  and  it  re- 
sembles flint  glass  in   its  appearance.      Its  propertjaij 

I  faive  scarcely  been  examined. 

The  supersulphate  is  the  salt  which  usually  oct 
in  commerce,  and  which  has  been  described  by  c 
misti. 

ht  crystals  are  four-sided  flat  prisms,  tennioated  b 


to  agi- 
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zurc. 

^(luidrtiigiilar  pyrtmids.  Two  opposite  edges  of  the 
primtce  00111111011I7  replaced  hj  small  faces,  whicb 
renders  the  prisms  six-side4  *•  Its  specific  gravity  when 
crystallized  is  1*91? ;  when  in  the  state  in  which  it 
commonly  oocnra  in  coinmeroe,  it  is  1*3275  f*  At  the 
temperature  of  60®,  water  dissolves  1*4  times  its  weight 
of  it.  Boiling  water  diss<dves  any  quantity  whatever. 
When  heated,  it  melts  and  speedily  loses  iu  water  of 
crysraUiMrioOy  and,  in  a  high  temperature,  loses  most 
part  of  ita  add. 

The  cooslitnents  of  this  salt  are,  according  to 

Kirwaa, 

40 • 20*S  acid 

20  •••• •••.••••••••40-0  oxide 

40 •••••••• 39*5  water 


100  t  100*0  { 

According  to  Mr  Smithson,  the  salt  deprived  of  its 
water,  or  the  arid  salt,  as  he  terms  it,  is  composed  of 

50  acid 
50  oxide 

100  II 
The  great  difference  obvious  in  these  different  analy* 
ses  is  probably  owing  in  part  to  chemists  having  hither- 
to confounded  together  the  two  varieties  of  this  salt^  A 
specimen  of  the  pure  supersulphate,  analysed  in  my  la- 


21^3 


ck?p.  m. 
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^ook  IL    honiotj,  wis  found  to  tpproacb  in^  Hi 

the  toptrtulphate  of  SmkhsoD.     Its  eeiMllllMaiti  WW 

28*2  oxide 
25'8  idd 
46*0  water    '  " 


100*0 

In  this  analysis  the  oxide  and  ad jl  Weit  liipiiUei  md 
weighed  ;  the  first  bj  means  of  ah  alkali  i  Ae  aecolld 
bj  muriate  of  barytes.  The  proportion  of  Wtler  wia 
merely  inferred.  When  the  slit  is  healed  to  redness  it 
loses  08*1  per  out*  of  its  weight.  Henee  the  residue 
contains  very  little  acid. 

When  a  solution  of  this  salt  is  digested  for  a  Icbg  time 
with  filings  of  ainci  it  is  partly  deoomposed,  aad  n  a* 
bundant  flesh  coloured  precipitate,  consisting  of  protoxide 
of  line,  is  obtained. 

Sp.  4.     Sulpbiii  ofZin^. 

Hitherto  the  combinations  which  the  sulphurous 
acid  forms  with  metallic  oxides  have  been  examined 
only  by  BerthoUet,  and  Fourcroy  and  Vao^neliii.  To 
these  chemists  we  are  indebted  for  the  discovery,  that 
the  greater  number  of  metallic  snlpbites  are  capable  of 
combining  with  a  quantity  of  sulphur,  and  of  fortning  a 
sulpbureted  su^biie.  This  is  the  case  in  a  remarkable 
degree  with  the  sulphite  of  zinc. 

1.  Sulpbureted  Sulphite.  Sulphurous  acid  attacks 
zinc  with  considerable  violence,  heat  is  produced,  and 
sulpbureted  hydrogen  gas  is  exhaled.  The  solution  has 
an  acrid,  astringent,  sulphureous  taste.  When  exposed 
to  the  air,  it  becomes  thick  like  honey,  and  deposites 
long  slender  crystals  in  the  form  of  foor-sided  prisms. 


tenninaled  by  fmir-sided  pyramids.  These  arc  crystals  Chap.iIL 
of  luipburHed  sulphite  of  xinc,  as  Fourcroy  and  Vauquc- 
lin  hare  proved.  They  are  soluble  in  water  and  in  al- 
cohol.  When  exposed  to  the  air  they  become  while, 
and  deposite  a  white  insoluble  powder.  Before  the 
blowpipe  the  salt  swells  emits  a  brilliant  light,  and 
forms  dendritical  ramifications.  When  distilled,  it 
yields  water,  sulphurous  acid,  sulphuric  acid,  and  sul- 
phur i  and  there  remain  behind  oxide  of  xinc  and  a  lit* 
tie  sulphate  of  that  metal.  Sulphuric,  citric,  and  mu- 
riatic acids,  when  poured  into  its  solution  in  water, 
drive  oS  the  sulphurous  acid,  while  a  quantity  of  sul- 
phur precipitates.  The  theory  of  the  formation  of  this 
salt  is  obvious.  During  the  solution  of  the  zinc,  both 
water  and  sulphurous  acid  were  decomposed  ;  the  oxy- 
gen of  both  combined  with  the  metal ;  the  hydrogen  e- 
scapes  combined  with  a  portion  of  the  sulphur  of  the 
decomposed  acid,  and  the  rest  of  the  sulphur  combines 
with  the  sulphite  as  it  forms. 

2.  Sulphite  of  Zinc,  Sulphurous  add  dissolves  the 
oxide  of  zinc  with  the  evolution  of  heat,  but  without 
effervescence.  The  solution  yields  crystals  of  sulphite 
of  zinc.  These  crystals  have  a  less  acrid,  but  more  styp- 
tic taste  than  sulphureted  sulphit«.  They  are  less  sola, 
ble  id  water,  and  more  easily  crystallized.  Thejr  arc 
insoluble  in  alcohol.  When  exposed  to  the  air,  they 
are  very  soon  changed  into  sulphate  of  zinc  ;  whereas 
the  sulphureted  sulphite  remains,  long  unchanged. 

When  a  mixture  of  sulphur  and  white  oxide  of  zinc 
U  treated  with  sulphurous  acid,  the  product  is  a  sulphu- 
yeled  sulphite  •. 


Sp.  5.  Pboiphate  of  Zine.  _^ 
Phosphoric  acid  attacks  zinc  with  efl«v« 
and  dissolves  it  completely.  Tlie  solution  does  n« 
yield  crystals,  but  leaves,  when  evaporated,  a  niasi  not 
unlike  gum  arable,  which  before  the  blow>pipc  melts 
into  a  transparent  glass.  The  alkalies  precipitate  > 
white  powder  from  this  solution,  which  is  a  subphos- 
phate  of  zinc,  melting  in  a  red  heat  to  a  SQini-ttuisp)- 
rent  glass  •. 

When  phosphoric  acid  and  zinc  are  melted  together, 
tlic  zinc  is  oxidized,  and  phosphorus  evolved  i*. 

Sp.  6.      Carbonate  (if  Zinc. 

LiiUJID  CARBONIC  ACID,  Confined  in  a  vessel  with 
zinc,  or  its  oxide  reduced  to  the  state  of  a  fine  powdet, 
dissolves  a  considerable  portion  of  it ;  and  the  solution, 
when  exposed  to  the  aifj  is  gradually  covered  with  a-n. 
iridescent  pellicle  of  oxide  of  zinc  t.  The  carbonate  o^ 
zinc  may  be  obtained  in  the  state  of  a  white  powder,  l», 
piecipiiaiing  zinc  from  i  Is  solution  in  acids  by  means 
Ml  alkaline  carbonate. 

Bergman  first  ascertained  by  analysis  that  ihts  sa 
occurs  native  under  the  name  of  ealamint  ;  but  his  ia 
fercnces  were  disputed  by  mineralogists,  and  consider 
cd  by  most  as  erroneous.  Yet  they  have  been  late] 
fully  confirmed  by  the  precise  analysis  of  Mr  Sinithsi> 
who  has  demonstrated  that  different  substances  ha« 
been  confounded  under  the  name  of  calamine,  and  a 
mong  others  the  carbonate  of  zinc. 


■  Walxe\'tV•naa^^lll^l^,f.t^i. 
1  Bergman,  i.  ;j. 
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According  to  the  analysis  of  Bergman,  native  carbo-  Chap,  m. 

pate  of  xiac  is  composed  of  28  acid  Compott- 

06  oxide  ^'•^ 
6  water 


100* 

From  the  analysis  of  Mr  Smithson,  it  follows  that 
arid  carbonate  is  composed  of  1  acid 

2  o^dc 

3t 

When  water  is  present,  the  proportion  of  the  other 

ponstituents  still  continues  the  same.      Mr  Smithson 

has^hown,  that  the  water  in  that  case  is  combined  with 

the  oxide  of  zinc,  constituting  a  hjdrate,  which  is  com* 

posed  of, • •• 9  oxide 

1  water 

Sp.  ^.     Fluate  of  Zinc. 

Fluoxic  acid  attacks  zinc  with  violence,  hjdroge|i 
gas  is  emitted,  and  the  metal  is  oxidized  and  dissolved. 
The  properties  of  the  fluate  thus  formed  have  scarcely 
been  examined  $•    Tbfs  fait  is  s^d  npt  to  qrystallize. 

Sp.  8.     Borate  of  Zinc. 

BoRACXC  ACID  scarcely  attacks  zioq ;  but  it  com- 
bines with  its  oxide,  and  forms  with  it  an  insoluble  bo^ 
rate  of  zinc.     This  salt  may  be  precipitated  in  a  white 


*  Ofuit.  n,  326.  f  FiU,  Trmu.  1S03,  p.  23. 


tot  SALTS  or 

lyJk  n>  po wder,  bj  pouring  bortte  of  soda  iat»  Ihs  nUrftte  cmt  ami* 
riftte  of  £tnc;  or  bj  mixing  borteicieid  withfiqutd  sol* 
phate  of  zinc.  When  strongly  heated^  this  borate  be- 
comes jrellowy  and  is  at  last  converted  into  an  opaqqjD 

slag*, 

IIL    CoMBOSTiiut  Salts. 
Sp.  9.    AcHati  ofZine. 
Acetic  acid  readilj  dissolves  zinc,  and  Tields  bj 


evaporation  crystals  of  acetate  of  xinc^  which  were  first 
mentioned  bj  Glauber.  This  SAlt  has  a  bitter  metallic 
taste.  Its  crystals  are  rhomboidal  or  hexagonal  plates^ 
.of  a  talkj  appearance.  It  is  not  altered  by  exposure  to 
the  air ;  it  is  soluble  in  water.  When  thrown  upon 
^ve  coal^  it  bums  with  a  blue  flame^  M/lien  distiUed, 
it  yields  water^  an  inflammable  liquid,  and  some  oil, 
and  towards  the  end  of  the  process  oxide  of  xmc  su- 
blimes f  • 

This  salt  has  been  lately  recommended  by  Dr  Henry 
as  an  excellent  application  in  caseii  of  inflammation. 

'  Sf.  10.     SHfcittoU  qfZw. 

Succinic  acip  dissolves  xine  widi  effervescence; 
and  the  solution  yields  long  slender  foliated  crystals,  the 
properties  of  which  have  not  been  examined  1. 

Sp.  11.     Benzoati  of  Zinc* 
ZiKC  is  readily  dissolved  by  benzoic  acid.     The  so* 
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Itttion  yields  fieedle*shaped  crystals,  which  are  solable  in    Cliap.gL 
water  and  alcohol.    When  exposed  to  heat,  their  acid  is 
▼olatilized  *• 

Sp.  12.     Oxalate  of  Zinc. 

O^^ALic  ACID  attacks  zinc  with  a  violent  efferves* 
fence,  and  a  white  powder  soon  subsides,  which  is  oza* 
late  of  zinc.  The  ^me  salt  is  precipitated  when  ozaKe 
mcid  is  dropt  into  the  solution  of  sulphate,  nitrate,  or 
muriate  of  zinc.  It  contains  75 /#r  r^iif.  of  metal.  This 
salt  is  scarcely  soluble  in  water,  unless  there  be  an  ex« 
cess  of  acid  f* 

Sp.  13.     Tartrate  of  Zinc. 

TAJLTAftie  ACID  attacks  zinc  with  effervescence,  aa4 
forms  with  it  a  salt  difficultly  soluble  in  water,  the  pro« 
perties  of  which  baye  not  been  examined  $. 

iSp.  lA.     Citrate  of  Zinc. 

Citric  acid  attacks  zinc  with  effervescence,  and 
gradually  deposites  small  brilliant  crystals  of  citrate  of 
zinc.  They  are  insoluble  in  water,  and  have  a  styptic 
and  metallic  taste.    They  are  composed  of 

50  acid 

50  oxide 


100$ 
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i;iSi^"il.  Sp.  15.     Malate  of  Zinc. 

Malic  acid  dissolves  xlnc,  and  jields  bj  evsponu 
tion  beautiful  crystals  of  malate  of  zinc  *. 

Sf.lO.     Lactate  of  Zinc. 

Lactic  acid  dissolves  xinc  with  effervescence,  an4 
the  salt  formed  is  capable  of  crystalliuog  ft 

.  \ 

% 

IV.    Metallic  Salts. 

Sf»  17.    AraniaiiofZinc. 

When  arsei^ic  acid  is  poured  upon  zinc,  an  efferves- 
cence ensues,  arsenical  hydrogen  gas  is  emitted,  and  a 
i>Iadc  powder  precipitates,  which  is  arsenic  in  the  me- 
tallic state.  Hpno:  we  see  that  the  zinc  deprivea  both 
a  portion  of  water  and  of  arsenic  acid  of  their  oxygen. 
When  one  part  of  zbc  filings  and  two  parts  of  dry  ar. 
senic  acid  are  distilled  in  a  retort,  a  violent  detonatioa 
takes  place  when  the  retort  becomes  red,  occasioned  by 
the  sudden  absorption  of  the  oxygen  of  the  acid  bj  the 
zinc.  The  arseniate  of  zinc  may  be  precipitated  by 
pouring  arsenic  acid  into  the  acetate  of  ^inc,  or  by  niix- 
ing  the  solution  of  the  alkaline  arsefi^ates  with  the  sul- 
phate of  zinc.  It  is  a  white  powder,  insoluble  in  wa- 
terj. 

Sp.  18,  19,  and  20. 
By  the  same  process  may  the  tungstate,  molybdate. 


*  Schcclc,  CrclPi  Afinah^  ii.  10.  Eng.  Trini.         f  Schcclc,  ii.  6j. 
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md  ciiTomate  of  zinc  be  obtained.  They  hUo  are  inso- 
luble in  water:  the  first  two  are  wiiie,  ihe  last  of  an 
orange-red  colour. 

V.     Triple  Salts. 

Sfi.  21.     Muriate  of  j^mmonia-and-Zinc. 

^^'HEH  mur!2te  of  ammonia  is  boiled  upon  the  wbite 

■side  of  zinc,  a  considerable  portion  is  dissolved  ;  but 

■  the  solution  cools,  a  portion  of  the  oxide  is  again  de> 

.    What  remains  of  the  solution  is  neither  thrown 

■oun  hy  alkalies  nor  their  carbonates.    This  triple  salr  I 

BocE  not  crystallize  *. 

Sp.  22.     TarUntt  of  Potaih-and  Zinc. 

This  salt  may  be  formed  bj  boiling  together  taitac  I 
tad  zinc  filings  and  water.     It  is  very  soluble  in  water^  j 
It  easily  crystallized.     No  precipitation  is  produ^ 
1  ia  its  solution  by  the  alkalies  or  Ibeir  carbonates  f.   . 

Sp.  23.     Sulphate  of  Zinc- and- Iron. 

This  salt  may  be  obtained  by  mixing  together  ihe 
nlutionsof  sulphate  of  iron  and  of  zinc,  or  by  dissolving 
iron  and  zinc  together  in  diluted  sulphuric  acid.  It  i 
crystallizes  in  rhomboids  which  have  nearly  iho  figure  i 
of  sulphate  of  zinc,  but  its  colour  is  a  pale  green.  Its 
taste  and  solubility  are  nearly  the  same  as  those  of  sul- 
phate of  zinc.  It  contains  a  much  greater  proportion 
if  Ktnc  than  iron. 


I    t  Dijon  And«ini<i4ti>:  and  Thnar'l.  J^^' 
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Sp.  34.     Silfhatt  o/Zmc-iuid'CeMl, 


TaiB  salt,  firat  pointed  out  bj-  Link,  a*j  b 
hj  digesting  lafre  in  salphtte  of  zinc.  Ltrge  fbor- 
lided  prinss  are  obtained  by  empgnttflo,  whick  efib* 
reice  vhen  exposed  to  the  air  *. 

Genus  XV.    Salts  of  Bismuth. 

The  sails  of  bismuth  have  not  been  examined  witb 
much  attention  by  chemists;  indeed  bismuth  and  its 
combinations  have  been  liitherlo  very  much  neglected. 
These  salts  may  be  distinguished  by  the  following  pn>a 
perties ; 

1 .  The  solution  of  bismuth  in  acids  is  usually  colour, 
less.  When  water  is  poured  into  it,  a  white  precipi- 
tate immediately  falls,  consisting  chiefly  of  the  white 
oxide  of  bismuth. 

C.  Triple  prussiate  of  potash  occasions  !n  these  aolu- 
tious  a  precipitate  of  a  white  colour,  sometimes  with  s 
jfaade  of  yellow. 

3.  Hydrosulphuret  of  potaah  and  sulphurtted  hydro- 
gen occasion  a  black  preciptatc, 

4.  Gallic  acid  and  tbe  infntioo  of  natgalla  occtmwi 
an  orange-ctdouKd  precipitate. 

5.  Wheo  a  plate  of  copper  or  dn  is  pot  into  Ac  lo. 
Intioa  of  bismuth,  this  last  metal  is  often  precipitated  is 
tbe  metallic  state. 

Sp.  1.     Nitrate  of  Biimmth. 

Nitric  acid,  when  concentraied,  attadcs  bitiouth 


SISHDTR. 

with  great  violence,  a  vast  quantity  of  nitrous  gas  is  c-  < 
milled,  the  metal  is  converted  into  a  white  oxide,  much 
heal  is  evolved,  and  sometimes  even  sparks  of  fire,  it  is 
ssid,  are  darted  out  of  the  mixiuie.  When  the  acid  is 
diluted,  the  action  U  less  violent,  and  Che  oxide  of  bis- 
muth is  dissolved  as  it  forms.  The  solution  is  colour- 
less i  and  on  cooling  lets  fall  crystals  of  a  white  colour, 
and  generally  attached  to  each  other  in  the  form  of  stars. 
They  are  small  four-sided  prisms,  often  terminated  by 
four-sided  summits. 

This  salt,  when  exposed  to  the  sir,  attracts  a  little 
moisture,  and  its  surface  is  covered  with  a  crust  of  white 
oxide.  On  burning  coals  it  detonates  feebly,  emitting 
red  sparks,  and  leaves  a  yellowisli  powder  not  easily  re- 
duced. When  triturated  with  phosphorus  it  deionaies 
loudly  '.  When  put  into  water  it  is  immediately  de- 
composed i  that  liijuid  absorbing  its  acid,  and  leaving 
the  white  oxide  of  bismuth  combined  with  a  small  por- 
tion of  acid.  Hence  the  reason,  that  when  we  write 
upon  paper  with  a  solution  of  bismuth  in  nitric  acid,  the 
characters,  at  first  invisible,  become  white  when  the  pa- 
per is  plunged  into  water,  as  Brugnatelli  fint  obser- 
ved f. 

When  the  solution  of  bismuth  in  nitric  acid  is  diluted 
with  water,  the  greatest  part  of  the  metal  separates  in 
the  state  of  a  subniiratc.  In  this  slate  it  was  formerly 
known  by  the  name  of  magutery  of  Bismuth. 

The  paint  called  pearl  vibitr,  frequently  used  as  %  cos- 
metic, is  said  to  be  precipitated  from  the'  nitrate  of  bis- 
nuitb  by  means  of  common  salt  or  tartar.     Hence,  in 
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Book  It.     all  probability. ,  it  is  a  sabmnriate  or  m  Urtnte  of  ttis^ 

IMvbkNinf.        ^■'         ^.    '       •   .         • 

-  '  /    '  mnthy  according  to  circimistancet  *• 

ft 

Sf,  24    Muriaie  •fBismmlh. 

Muriatic  acid  has  scaroelj  any  action  on  btsnmth 
while  cold ;  bnt  when  distiltod  off  that  metal  prerioas- 
\j  reduced  to  powder,  it  gradnallj  ozidizei|  and  briogt  * 
it  tof  the  state  of  a  white  powder;    Muriate  of  bismuth 
tnaj be  readilj  formed  by  dissblting  A^meU in  nitio^ 
muriatic  acid,  or  in  oxj-muriatic  acid;     When  the  ao^ 
lution  is  evaporated,  it  \t  said  to  yield  ftnall  priaoiatic 
crystals.    The  mixriMtr  erf  biimuth,  n^hto  rWipbcmttfd  t6 
dryness,  ^hliifies  by  the  application  6f  a  mdddrate  heaf , 
and  forms  a  thick  concrete  riiass,  t^MnSSlj  dielthig  when 
heated,  formerly  known  by  the  name  of  tmlUr  ^f  ftf« 
nmth*     It  was  prepared  also  by  distilling  a  muctnre  of 
two  parts  of  oxymariate  of  mercoiy  and  one  part  oif 
bismuth  ?  in  amalgam  of  bismuth  rematna  in  the  re- 
tort^ while  the  hnur^  as  it  was  called,,  sablimes^ 


Sp.  3.     Sulphate  ^ 

'  SuLrauRio  ACID  has  no  action  on  bismuth  while  cold; 
hut  by  the  assistance  of  heat  It  converts  that  metal  inib 
a  white  oxide,  while  at  the  same  timte  sulphuroaa  acid 
is  elhaled^  and  even  sulphur  sublimed,  if  the  heat  b*e 
considerable.  When  the  saline  mass,  thus  formed,  is 
washed  with  water,  almost  the  whole  of  the  acid  is  se- 
parated, carrying  along  with  it  a  very  smi^  portion  of 
the  oxide  ;  and  this  lixivium  yields,  by  evaporation^ 
small  crystals  in  needles,  which  are  decomposed,  and 


•  BUck'i  Licturei,  il.  595.  f  Pott,  Mm.  Par.  If  13, 
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their  base  precipitated  when  any  attempt  Is  made  to  dis-   .^^.'ftj^^ 
solve  them  ini^ater. 


• ,  •  t  •  > 


5^.  4;    SUphUe  o/Bisnmih; 

*  SuL^HUMUi  ACID  does  not  attack  hismi|th  ;  hut  k 
combines  with  .its  o^ide,  and  forms  witl^at/a  sa^t  VQ* 
soluble  in  water  .eyen  w)ien  ;assisttd  .by.an  pj(C^sof 
acid.  It  has  a  sulphureops  taftt ;  .and,before  the  blow* 
pipe  melts  into  a  reddi^^-y^llow  mass,  whicl][  is  soAii 
reduced  upon  charcoal.  ,  When  distill^  the  9cid  is 
driven  ofl^  and  the  whole  oaude  remi4as  in  a  st^te  of 
l>urity*.  .  ,. 

Sp.5.     Phosphate^  of  BUnfuth. 

Phosphoric  acis  does  npt  attack,  bismmji ;  bn(  it 
combines  with  its  oxide  recetitlj  precipitated  by.an  al* 
kali.  One  portion  of  the  salt  formed,  remains  in  the 
state  of  an  insoluble  wl^ite  powder  ;  another  portion  is 
dissolved^  and  yields  crystals,  which  do  not  deliquesce^ 
and  are  soluble  in  water  f.  The  white  insoluble  pow* 
der  is  most  probably  a  subphosphate^  and  the  crystals 
a  superphosphate  of  bisn)uth. 

Sp.  6,  7,  8.     C:irlonate^  iFIuate,  Borate. 

The  combinations  which  the  oxide  of  bismuth  formi 
Tvith  carbonic,  fluoric,  and  boracic  acids^  have  not  hi- 
therto been  examined  with  accuracy.  They  may  bo 
formed  by  pouring  into  the  solution  of  bismuth  in.  ni- 
tric acid  the  alkaline  carbonates,  fluates,  or  borates.  The 
«alts  required  precipitate  in  the  state  of  a  white  pow« 
der. 


^  Fourcroy,  ▼  104.  f  Wfiu«11i  VtrvMgdit^kfJk^  f.  ^jf* 

Vol.  IlL  '  \j 
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i%e  MMM  of  iMiom A  inqr  W  obldDtA  kj  a&faf  lq|»- 

BWI^^fcBl^HW^^P   •»■■•••■     ■■^Nb  Wv  shim     ^^^BvB^^^Bp    V^^^B  S^   S^^^P  H^H^w 

MnciC  lMd»     Mpf^CWIy  to  ^fBMI  WC  M  nMBMM  ftf 

iUt  iHpi  I  Irtiiiil^  ftss  tMcrtidoid  dM^  Art  Ae  itfltfw 
OT  tfUttc  loo  dfe^iiircs  wtMfi  OT  UiiDiMli  oi  dte  pnpcclj 
of  •fbfding  %  fttdfiM^  whta  difailtd  wiA 


SttCOMi  ACXB^  Ami  Imc  allidt  MitoaA;  teT  i» 

gjfnflm  jfUdb  ytttflHf  cfritaliM  jltlci  of  snccinlB  of 
teiRMtth.  hxiioHiag  to  Wtatd,  At  talocioo  of  Ab 
tdt  in  water  4oet  aot  jidd  aprecipitatt  wiA  alkolict. 
It  ditiolvct  m  mtm  acid,  and  At  lolaliaii  m  aol  prod- 
fttiattd  b^  waitt  ^* 

BsJisoia  4CI»  dittolTti  Ae  ostde  of  bbmoA  iriA 
JBKiIilj ;  and  Ae  lofaiiao  Tiddi  white  aeadle-tliapcd 
cfTBtals^  whkh  are  ool  alteral  bjr  expotmfr  to  Ae  air. 
Ice  aolttbk  in  watef,  and  TerjF  sparinglj  toiable  in  aU 
oohol.  Strfplmrit  and  flwrialic  aekb  dbcoapoae  Aia 
aalty  aod  beat  volatilitei  its  acid  %^ 


•  Emcyt!.  MnUd,  cUm.  i.  lo.       f  Weasel'*  rtrmtMJU€t^  f.  14}. 


lAtlC  ACID  scarce!;  stiacks  tHimuth  i  but  it  toOi- 
Innes  with  its  oxide^  and  forms  with  it  an  olalatr  in  the 
lUte  of  a  white  powd«r,  scarotlj  soluble  in  water. 
'When  oxalic  acid  is  dropt  into  nivate  ofbjsmuth,  small 
tramparent  pdl^gonous  graias  ate  gradaally  ptecipiia- 
ted,  which  possess  the  same  prctperties  as  the  white 
powder,  and  do  not  become  opaque  when  put  iato  wa* 
let*. 

Sfi.  13.     Ti^traft  of  SitAuib, 

TakTaric  acid  docs  not  attack  bismuth  ;  hut  what 
dropt  into  the  lolutiou  of  that  metftl  in  sulphuric,  uitrit^ 
or  muriatic  acids,  tartrate  of  biunuih  precipitates  ia 
the  state  of  a  white  cr^stalliae  powder  Imolnble  ia  «•■ 
ter+. 

Sp.   14.     Arstniatt  t>f  Sisfnath. 

ARBEMie  ACID  oxidites  bisoiutii  bj  a  digesting  heat  i 
ind  the  metal  is  covered  with  a  white  powder,  which  ia 
srteniatc  of  bismuth.  Pan  also  of  the  attentate  remaint 
in  solution,  but  the  oxide  is  precipiuted  bj  the  addilioa 
of  water.  The  arseniate  of  bismuth  precipitates  when 
anemc  acid  is  pouted  into  the  nitrate  of  bismuth.  Th* 
white  powder  thus  obtained  is  difficultly  fusible;  hot 
when  heated  with  charcoal,  arsenic  sublimes,  and  tbs 
bismuth  is  reduced  J. 

Arseniate  of  bismuth  is  a  white  powder,  often  havinf 
a  shade  of  green  ;  it  is  tasteless,  insoluble  in  water  and 


itri 

lih•^la. 
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jJS^'L.  nitric  acid|  but  solable  in  nurittic  acid*.  Wheo 
heated  upon  o|^£oa]^  Uie  fowll  •f  ariepic  Jjwoomca  per- 
ceptible.  From  the  soTntion  in  muriatic  acid,  dw  bis- 
mSlhf'  ft  pftcipitatw  iff  ttiipmiifeted  njdn^Cta* 

/s  *  ^    f    ^  15.   ;Jlfe6f*i(#»V>^"W>**    «  ^  ^'^ 

^^MdLTBDfC 'ACtl^  *prctofpitlitta  liimuHe  oFHnMv 
wlnley  pfOTided  thaipe  oboo  esctien  tf  vCMt* 


r  J  .■*-.« 


f  I'  •  •  '^ 


•  • 


Giifus  XVI.    SALta  or  AjfTWONT . 


AvTiMONT^  one  oC  tl^|9€^  jvm^  wlioaa-oxidea  aeem 
to  combine  with  diffionlty,  and  to  form  componnds^of 
iXDe  permanencj  with  adUs^  onfeu  tbM^  jprcsiuit  at 
the  aame^nie  an  alkiffi  if  an  earth,  ihidt  tttaclm  the 
itfreM^tion  of  the  antimonitd  tails  pecnlnrr^  Sfficiiky 
aaf  acceoti  for  tbe'Rctle  progtesa  whidi  has  beea 
made  in  it.  Antimonial  salts  may  be  distinguished  b/ 
the  following  properties  : 
tbaractcn.  i.  Their  solutions  are  usuallj  of  a  brownish  yellow 
cdlbur,  and  in  most  cases  a  whiter  pnedplArt^  falls  when 
tbej  are  diluted  with  water.  ' 

^Qt  Tri]ple  prauiate  of  potash  occasions  a  white  jpfeci« 
pkate  firhen  dropt  into  these  solutions.  TMs  prect(>itat6 
ia'BMrely  the  oxide  of  the  metal  precipitated  bj  the 
y^Lttr  of  the  pmssiate.  When  applied  sufficiendj  c<»i« 
ctetrated^  or  in  crystalsy  no  precipitation  takes  place. 
In*  this  property  antimony  agrees  with  plaunum  t* 

3.  Hydrosulphuret  of  potash  occasions  an  orange-co^ 
leered  precipitate. 


•  Thenard,  Am.  de  CLim,  1. 120.  f  lUtcbctC 

X  Ktaproth,  Grell't  Annahi  1)98.  i.  99. 


\KKTtMvT* 

4.  "GMtPicvi  anfl  \ht  ^nfniion  of  nd%SffiF  6%foim 
a  white  precipittte,  Which  is  merelj  the  oxide  of  the 
metal  separfited  by  the  water  of  the  infusioti. 

5.  Whena  plate  ofjnm  or  zibcIb  plunged  into'anti- 
tnoniat  solutions,  a  black  pbwdier' precipitates  in  great 
afcandance,  mfeid-veiy  8peedilj^when''therfc 'is  an  excess 
^f  add,  aodHWtelmioD  is  &bt^iob  mucb'lcm&htratedl  * 

'   *  I. '.  Detonating  Salvs. 

.  '     -      b  i         *  ■  -'—  -     •  ■  ' 

•      •   '■  '•   J^.'  t:    NitfMe  ^  AHtUmtny.  "" "       "  •' 

?  4  .    i       r-  -  -*  /ill-.  f 

^  NiTRiC|AQ|9  attacks.  aptiiiMny.jslawIy.  :  fioth.'^tto 
acid  and  walarc  are  decoajpose^f  abundance  of  mtroa^ 
fas  h  eaatti9dt2W.d  a  considerable  portion  of  aa[)n)Oiu% 

is' formed,  and  combines  with  the  acid,  while  tke  umIML 
is  converted  into  an  insoluble  white  oxide.  A  portion 
•of  the  oxide  U  'dissolved  ;  bat  it  does  not  yield  crystals, 
and  readily  precipitates  wbei^,r|hA:acid  is  diluted./  ■  ^ 


T      .'.-I 


IT.    Incombustible' Salts.  -^ 

Sp.  2.     Muriate  of  Anttmotfy.  '^     "• 

•  "  ■  ■ .  .'■.■■■! 

Muriatic  acid  has  no  efect  upon  antimony  At  fir^t. 

but  the  metal  is  gradually  dissolved  when  it.  ia  knt 
long  in  contact  with  that  acid.  The  solution  is  /« ^.^  «,' 
and  yields  by  evaporation  small  needle*form  cprystalsg 
consisting  no  doubt  of  muriati  of  antimony,  or  of  mur 
riatic  acid  comlHo; d  with  antimony  oxidized  to  a  mi- 
nimum.  ■        :     .         - 

Muriatic  acid  dissolves  the  oxides  of  antimony  with 
facility ;  but  it  is  nltro-aiuiiatro  acid  which  is  consi- 
dered as  ]^y  far' the  best  solvent . of  .th^.t  met:^    .Tj^ise 


Mtn  or 

MlutiMiau7b«  considered  a*  coaitiainf  u 
ef  aniimonj',  or  muriatic  acid  cofQbined  with  antiutpp] 
oxidised  to  a  maxiintiin.  Thatsali  wu  formerly  Itnowi 
bj  the  nime  of  JftUMr  pjantimoij.  It  wai  asuaUy  jxc- 
P»red  bjr  triturating  togetKfir  one  part  of  antioicajr  v>^ 
two  partk  of  oi^roitriate  of  oicTcttry,  and  then  disliUtnc 
them  io  «  rvtoit.  At  «  moderate  tcmperaifire  the  ovn 
munate  of  antinon}'  puseii  over.  Ii  ia  ii)  tho  staCe  of  ft. 
thick  fatty  mass,  of  •  ^ryish  white  colour,  and  oft4, 
crjtiallitcd  in  four.aided  priims.  It  it  cKcecdingij 
caiiitiot  becomes  coloured  when  exiMMcd  lo  the  air,  an4 
tnells  at  a  very  modcratr  lempcraturc.  When  dilnici 
«riih  w-UcT,  it  ts  partly  decomposed,  an'i  Iht  ((reattf 
port  tcpar^iet  in  the  f«rm  of  a  white  powder.  In  thlf 
ttsw  it  was  formerly  knovni  by  the  aaa*  oi ^v>4tr  ^ 

Sp.  3.  Sv^piiaU  of  JuimfJI' 
ScLPRUBtc  ACID  h«t  no  action  on  anttmonj  while 
cold  i  but  at  the  boiling  temperature  it  oxidizer  tliat 
metal  with  effervescence,  aiilpbiuoiu  acid  is  exhaled, 
•od  even  sulphur  nbltmcd,  and  Ihrrc  remains  in  the 
retort  K  soft  white  ma^u,  evidently  composed  of  the 
peroxide  and  sulphuric  acid.  Water  carries  off  iht 
acid  and  a  small  portion  of  the  oxide,  but  leaves  lh( 
gfeater  part  in  the  stale  of  a  white  powder.  When 
the  solution  is  evaporated,  the  remainder  of  the  ojtide 
precipitates,  so  that  the  salt  cannot  be  obtained  in  i 
AysttUine  form.  The  white  powder  nay  be  eon^der* 
cd  as  a  subsulphate  of  tnliaony,  for  it  still  retains  » 
portion  of  acid. 

Sf.  4.      Sulphin  of  jWimony, 
\  ACTS  bSS  m  ttdioB  OD  WUMBT  while 


csU,  Init  wbcn  liot  it  ckangei  il  into  kn  oxiit.  The  Chtp.  tQ. 
anlphiie  of  antimonj  is  preciptuted  in  the  atau  of  la 
iosehiUe  white  powder  when  sulphurous  acid  i>  pour> 
cd  into  the  solution  of  antintony  in  muritiK:  acid.  It 
has  an  acrid  and  Utriogcul  tAStc,  nelts  when  heated, 
and  is  volatilized  and  decomposed.  When  distilled  ta 
close  vessels,  it  yields  nriphuroas  arid  i  and  there  re« 
muni  s  reddish  brown  mass,  eonuitiog  probab^j  of 
lij4ro.sulphurei  of  aatimeof  V 

Sp.  5.     Ptatphate  of  Ammonia. 

FaesniOBic  acid  do«*  not  atuck  antimony  ;  but  it 
combines  with  its  oxide,  atid  even  dtisolves  a  small  pot- 
tioo  of  it  when  assisted  by  heal.  The  solution  does  noC 
d^^tallice,  but  yields  by  evaporation  a  blsckif^  g^eek 
mnn.  which  a  strong  heat  coflvcrli  into  a  transparent 

^I^B  Sp.  6.     Cariemale  of  Atuimmy. 

~17bITIIKR  antimony  nor  its  oxides  arc  aliacked  by 
«aibonic  acid  ;  neither  does  the  precipitate  of  that  me- 
tal weigh  more  when  thrown  down  by  an  alkaline  car- 
b«tutethan  when  by  a  pure  alkali  {.  At  present,  then, 
so  such  salt  as  caibonatc  of  antimony  is  known  to  ex- 


iL 

Vitroi 


Sp~  1-  and  %.    Fhau  and  Borati, 
iMC  ACID  does  not  attack,  antimony,  but  witk 
its  oxide  it  forms  a  fliiale  not  hiihcxto  examined.     Nei- 


t  Zapata,  i.  jT-ii.  J91. 


t  Wcnsd  *  Va^anilitt'/i,  J.  r}%- 


I 


'^^      yiMipiWEbnife  aieiat  AbfiPttlJh^  i«<be  Mis  W  siMb 


|>tttit  disbolves  asmaU-^<frff»H'8Fi^oiiae,t'«b«6^ 
yeau  has  shov^n^an^  tlie  solution^ccordtoff  to  Wenscl| 
jields  smair  crysuls f*      itiirsalris  soldmis  in  water, 
Md  Waa qnpioif ed bj  Artgciw^Saki itftdlMMr nbie- 
qoeqt phjiimaaiMaliaiBetib^t'*'  .  •(-  ' 

diisolvea  a  portion  of  its  protoxide,  and  fprma.-hari^. 
which  has  not  been  examined. 


•*-«••• 


Sp.  11*    Binzoaii  of  Antimony. 

^  whep  eifpo^  to.tbe.air,  w4^  fm«>m^^ 
!>««*$•  V.  H  .    , 

Sp.  12*     Oxalate  of  Anttmoty. 

Oxalic  ACi0  |cvp((|y^»|tH^s.iir|mony ;  >ot  it  dis. 
•plves  a  small  portion  qf  itsjDxide.    '!(*he  solution  vicl^ 

♦  Gren*t  lU%&uch^  iii   630.       '     """"f  Vtnouniuilnfl^  p.  15S. 
t  ^A^f.  ^,fetb0d.  Chim,  i.  6.  r  -        :  .     *     ^ 

{Trommidorf,  ififf.i/#Ci(/w.  xl  3X7|  ..    •   • 


hj  eraporation  small  cr^sUlline  gruot  difficultly  solo*  \^!^  ^^ 
ble  in  water.      ThS  aatue-ildt  is  precipitated  by  add- 
ing ozaUcafiid4o^^..V^«tiQn..ofiPI)Umony.  in  ^tic  or 
sulphuric  acid  ;  but  oxalic  acid  occasions  no  precipitate 
in  the  oxytauriatt  of^atmbioiqr  *.' '    vo  •.  ^ 

*  'Tartaric  Acib  liss  tto'  teitioii' on  antitnon%  ~bdi*9f 
dissolves  a  sbiUT  pd^'on'  of  Its  ox%ies.  Tbe'  ii6lblSotf 
Scarcely  crystalli^;  liut- easily  «safAiies  the  tiAfHtlf 

^         ^  I  '  •  •  f         ^  *v 

%  ..      _        \<    ■•]        ■■•'•,        ..!■.■  4     -     »..■»••*        «         .J.    III*'!    r. 


Tv.      SlETUXLICiS  alts'/ 


:  Salts. 


5j^.  14*     Artimate  of^ Antimony. 

^W^K|r  arsenic  %q)d.  a«A«UiiM9]^  a^^vi^ca^ 
thcir,>  wbi^  .pow|[ero  sewurates,  ORau^g,  of  araRpyUc, 
atMtimqpy,  >-Thi%p<»^ii:.solrtle  i»  nucUttC  aci^r. 
and  precipitatc^^agaiff .  by  iJ^.-affusifO  of  .,i|?a^r«  ,.Tbf$; 
Valine  arsepu|es pf ecigitat^ , tbesame si^l^ fcpm tb^so* 
lutipo  of  antiinyvf  ^BhOi^t^tiq,  tutap^ocjacetipm 
lyikep.  a.  inijiFitW J  4^  -<«!»  P Vt  r  ci  raijlupony :;and  thi^ 
«FP  of  j««rift  .flc^^aff.disliJi^  '^"Mnf 

into  fusion,  and  then  takes  fire;   ar|qu^.is-sublii|^ 
toother  with.-.afoi^-flQiasSi-and  sulpbjir^lis  acid  is^« 

Ms?*lt»  .■••'-  ■.:!j".-'i  jj^v':  n-    !  -■  »^ 

Sp.XS*   MofyiSatiofAntmoHy,  "'^ 

.  .  ,    .  •.  ■  '  •:■  -••?•-  :      ttp  /.   *    ■ .  v.  ■  •  jI 

-  ^pL^TBDi^  . ACI9 ' :  precipitotes  ippijate  o.f  4uitiiiippy/> 
white,  proviMtbenq  be  jiQ  excess 'of  acid  f,.  .        \j 


f  Bcygmtn»  (  s;!.  •  '  f  Ibid.  f  Sdieclei  f.  A|.  '^  S  HaiBi^\ 


V.    Ttaii  Salu- 

Sp.  16.   Phoifilatt  0/ Limt^rtd'^Ktmaiif. 

The  w^I  known  m*iie\nt  e»l\ti4  jfaai^i pewJfrhv 
been  shown,  bjr  the  »n»lyst»  of  Dr   Peanon,  to  be 
eocDpound  of  ph*ip4anc  uui,  limte,  wd  osidc  of  anti- 
taooyi    «tc  maj'  therefore  consider  it  as  a  tripk  Mltl 
It  n  snjallj  in  ihe  forait  e(  a  white  p«w4cr,  nesrlj 
soluble  in  water,  bttt  paruaU;  soluUc  in  acids.     Th« 
raergy  wiih  which  it  acu  as  as  csKiie  it  well  knowiw 
From  Dr  Pcvkod's  analysis  it  appeari  10  beconposec 
of  aboiit......,.,.43  pbesphaM of  Jitpe 

51  oxide  of  antimonj 

Tt  maybe  coffiposwl  by  calcining  in  a  white  heat*  nix- 
fture  of  equal  parti  of  aulphurei  of  anitinoDy  and  th(i< 
aibei  of  Wmcs  *.  Mr  Chenerti  bis  given  the  follows 
ing  easy  fomula  tor  preparing  this  powder  : 

Dinolv*  in  1  minimuin  of  raurtati«  acid  t^ual  part* 
«f  white  oxide  of  antimony  aftd  of  pboapfcaw  of  lin^. 
and  pour  the  aolution  into  a  sufficient  cju an tity  of  4i«*' 
tilled  water,  contzimng  pure  aitunoaia  to  aolutioa.  Tlia., 
|Mwdcr  precipitatM+. 

Mr  Cheuevic  considers  this  powder  nMas  %i 
pound,  but  »  meobanical  mixmre,  of  phosphate  e( 
(Kid  Kubmuriate  of  aetimony. 

It  is  ExK  improbable  that  James's  powdervariea  in  ita 

oonaittoenti.      M.  Fully,  an  Italita  ehcmlsl,  bu  Ut«1y 

ubiiihcd  an  enalyms  of  i%,  di^crcst  froa  the  prevc- 


AHrtwovy. 

dia£.    Accordiog  to  liim,  ■»  constttuottt  anuiollawti 
Peroxide  of  aminaeDy............'! 

Fbospbiik  of  lime.. 4 

Sulphate  of  potuh 4V 

f«aib  holding  pretojcidc  of  an- 
bmony  iu  toluudo...* 3^ 


Uc  gives  tbe  feUowiflg  foromU  Car  nukioE  it;  whacb* 
according  to  him,  succeeds  pcrEeetly.     Take  of 

Sulphuret  of  antimony 2  paru 

Calcined  bones It 

Nilraie  of  poush ^ ».  4 

Trimnte   these  bodies  well   together,  and  heat  them 
Btrong'y  *'^  *  coveted  crucible  *. 

Sf- 17'  Tartratt  of  Potaslnai^/lntimoHy. 
This  mIi,  usually  deoominated  tartar  trruiie,  ia  macS 
more  employed  in  this  cc-untry  w  a  medicine  than  all 
the  other  aniinoniaj  preparations  put  together.  It  was  j 
first  made  knoTrn  by  Adrian  de  Mynsicht  in  his  The^ 
twrtu  Mtdico-Chynurtu,  poUished  in  1€31.  But  the 
preparatioD  was  in  all  probability  suggeMed  by  a  trei* 
tiM,  entitled  M^tMai  m  Fuhertm,  published  in  Iialjr 
ia  IfifiO.  This  book,  written  by  T)t  Comachinos,  gives 
an  account  of  the  method  of  preparing  a  poTi-der  whidl 
h«d  been  invented  by  Dudley  Earl  of  Warwick,  and 
irilich  bad  sctjuircd  great  celebrity  in  Italy  in  consc* 
^uence  of  the  wonderful  cures  which  it  had  performed. 
This  powder  was  composed  of  scammony,  sulphuret  of 


•  Ain.  i,  aim.  W.  74. 


suit  MBM 


M.I 


%-  ^  ■       ordinai7effecti>«bi€biA.pciDdkMAw4tttfflM^^ 

the  attentioo  otkhMMitei^* tbt  ■ctaAiHiiiir'^ifcntiaio* 
aial  pre|»raci4ttwkh.UcUiw«^  -     i""  '  --r-^^- 

gy^  Tartar  emetic  -nw  fifH  ^pw|i««<  lif  MBiit^ogtAcr 

tartar  and  th4«9MM.4iiMlbMiii»^«4*tr  >Mi*  called,  in 
water,  filteri4f*the  tolution,  and  erapocmtisg  it  till  it 
yields  crjstala  f  glass  of  antimony  was  afterwards  snk 
•IMM  fur  pmmnKmk  •Htm^lr^wiMMcWAidteii  «sZ 
emuneraia  tlii^i&rto^^ttld*Odawliichs|iM«'btal  «i#^ 
«daccoaiugtotlMi(ncf.«C4iftfent(lpllMM^  These 
methods  haiialboe^coUecied^y  •BArgditti^aiMl'  are  de« 
acribedbj  hlm>in>. hie  ■treaties'  ew  himkimUliiiJ  Tar. 

At  present  the  g1ass*8f-4itknoliy,Vfv^^'nlle'^eKosdd6' 
•    of  antimonj^^  are^usuidly,  ^fnoloje^*,  -JBithpf  o£  these 
is  mizeft  jvitK'  its  own  weigKt  of  tartar,  and  tne  mijctnre 
hAMiD  liil««r>  twelve  ptKs^  ^htefl^tiR  the 'taitar  it 
allnrasiii.-MiBl#  ioliilfotflk^lhi^  4lifeMd<'*kii^t9ii^ara-^ 
^  lifted  siUIa  pdlfode  fcHM  W\H%biHe&.'mtMh^  it 
defiSitea'  Mgdfinr  er^iAk  oPuMir  '^n€fltV-^  ifliehard*'^ 
haiHMiryedliliMt  tfa^^eiWifjIlrWtiHKmtt^^ 
a^itolityrfof  ^taGOMbinfe^tet^te  *6f  nbtMi  V  li  ought!  - 
n^  iheeelbre  to  *  be  6Vit>(^Mk^(Ei^' W,^  Vlb^rwiee  ibe  - 
€qrstals^  of  that  sak  wlU)i:iix  wifbilbrdse  UlfChe  Itrfar 
eAetict.  'J     '  '     ' »  «  >  1 1-^  :f     -  ^    . 

t  Xartar  zm£tic  is  of  a  w^rte  .toldiirj  'aAd  cryital* ' 
lizes  in  regale  tetrahedrons.  *When^xp6<ed  td  the  tii; ' 


.:> 


•i 

* 


*  An  impure  hydro»ulphuret»  formed  by  detonating  in  «  crudble  e^ud 
wciu  hts  of  sulphuret  of  antimony  and  niife,  and  waihing  the  rctidinsm 
in  water  till  the  li4uiU  cornea. off  taneleUi 

t  0/iut,  i,  338.  I  Jmm,  ii  aim.  iXXTiu.  $^. 


nixintnTM.  gf^ 

'  loses  its  transparency  and  effloreioes*  "ft  is  CjU^  Ul. 
♦i  parts  of  cold  water,  and  in  about  two  pacta  *'  *^ 
i^ater  *•  Heat  deconoiposes  it  bj  destroying 
lile  the  potash  and  oxide  oCaotiaionj  remaia 
X  is  decomposed  by  the  alkaline  eacthS|  bj 
1  and  their  carbonates,  and  bj  the  hydroaulo 
id  several  of  the  metals.  It  is  decomposed 
decoctions  of  plants,  particularly  those  thai 
tnt  and  bitter,  as  Peruvian  bark,  &c.  Con- 
:  never  ought  to  be  given  in  conjunction  with 
B  bodies.  • .  •    '    .  "    ^- 

:  analysis  of  Thenard,  it  appears  thatthia  compoa- 

x)sed  of 35'4  tartaric  acid  .  ^^^' 

39'6  oxide  .    ..- 

13* 7  potash 

•■  ■ 

8»3  water 


-  f 


lOO'O 

.•5(1*3  tartrate  of  antimony^ . 
35*4  tartrate  of  potash 
8*3  water 


lOO'Ot 

Nus  XVII.    Salts  or  Tklluriuu. 

[UM  has  been  known  for  somhort  a  time  ^i 
leul,  and  the  quantity  of  it  hitherto  exami- 
en  so  small,  that  the  salts  which  it  forma 
cannot  be  supposed  to  be  much  known. .  Otu 
iwing  facts  have  been  ascertained. 


Am,  dt  dim,  xUx.  70.  f  Aum.  dt  Chim,  tSlvSl  39. 


fit  SAttS  0^ 

JMttL        The  tdts  ef  tellim«m  maj  be  diltbgliiAeir  hf  the 
'  ^  ^'''       Mlowbg  properties : 

1.  Alkdiet,  when  dropt  info  their'  solntioQ,  odAiioa 
%  white  predpitate,  which  dhtppean  igdii  If  the  tffluU 
W  added  in  excess. 

2.  Tuple*  pmssfAte  of  potash  oceasiditt  no  pfedplutt< 

3.  HTdrosdlphiiret  of  potash  oecftsleiis  a  bfown  e^ 
Uacktsh  pfecipitftte. 

4.  The  infesion  of  no^Is  oecasions  k  flaky  pred- 
pitate  of  t  yellow  colour. 

5*  Ztoc,  iron,  and  antimdnj,  when  pluogidittto  these 
adations^  oectsion  the  telliiriiiin  to  septrate  iff  the  stale 
ef  a  black  powder,  whieh  resnmear  its  metaUie  briUuou 
cj  when  rubbed  *• 

NmtIC  ACID  dissolves  tellarium  with  facility*  The 
solution  is  colourless,  and  not  rendered  turbid  bj  water« 
It  yields,  when  concentrated,  small,  white,  light,  oeedktf 
formed  dendritical  crystals  f  • 

Sp.  2.    MmruUt  of  TMtrium. 

NiTROMURiATic  ACID  dissolves  tellurium  readil^i 
The  solution  u  tnmsparent;  but  when  diluted  with 
water,  it  lets  fall  the  oxide  of  tellurium  in  the  state  of 
e  white  precipiiate,  which  is  redissolvrdon  adding'  more 
water.  When  the  solution  is  precipitated  by  aleohel^ 
and  sufliciently  washed,  the  white  powder  ooetaina  bus 
A  very  small  proportion  of  add  X* 


e  Rltproth*t  Htltragty  iiL  i.  and  CieU*!  Amnaltf  1798,  i.  91. 
i  Cf  eU*t  jUMii,  179S,  1. 9S.  t  KkprodhTt  iftiir^,  Hi.  i|. 


Sp,  3.     Salfhate  of  Tt^tram,  ^ 

WhsW  one  part  of  lellurium  ts  confined  wiih  lOA 
ytrts  of  sulphuric  acid  m  a  close  wsfcl,  it  dissolves  and 
gives  the  acid  a  ctirasen  colour.  When  water  it  dropt 
into  dte  acid,  the  red  colour  disappears,  and  the  mcial 
is  prcciptiaied  in  Uaclc  Stkes.  'When  beatcd,  the  co- 
lour etjuallf  disappears,  and  the  metal  precipitsie)  in 
Ibe  state  of  a  white  powder.  Diluted  sulphuric  acid, 
mixed  with  a  little  nitric  acid,  dissolves  a  considetablc 
portion  of  tellurHim,  the  solution  is  colourlets,  and  no 
preciptlaM  is  produced  ia  it  by  waht  *. 


Genu»  XVin.    Salts  of  Arsekic. 

AXSCMJC  is  capable  of  astnmtog  the  fora  of  >&  acid, 
and  even  its  while  oxide  has  seircral  acid  properties. 
Hence  it  is  more  disposed  to  combine  with  meiaUic 
bases  than  to  form  salts  bj  uniting  with  acids.  How- 
ever, as  several  of  the  acids  have  the  propcrij  of  dis- 
solving it,  which  man  Se  cnNudered  as  a  species  of 
combmatioD,  and  as  the  knewled^  of  the  properties  of 
4beac  solutions  is  sometimes  of  hnportancc  ia  mincra- 
logical  iavcstigMiona,  it  will  be  propet  to  {Wc  an  ac- 
count of  tbem  ia  ibis  place. 

The  toluiions  of  aracDie  ta»j  be  disliagsishcd  hj  tbc 
following  properties : 

1.  Triple  prutsiaie  of  potash  occasions  a  white  prt>  cW«iu»   i 
cfptnie  wbes  poured  into&oliitiaDsconisinitif  arMnicf , 


•  Crdl-|>fina//,  1798,  >  9i. 

tTlietcriatlgncf  ifMnicro  thcMieldi  which  c«nv«cttit 
b  B«<  SnrW  ^  tht  *ip)*  iniNiit*  «f  r«Mdi . 


Bo^  JU  2.  Hydrosulphuret  of  potash  produces  a  yellow  ptt^ 
cipitate,  or  at  least  giv^  a  yeHow  colouf  to  the  soliu 
.lion. 

3.  Gallic  acid  and  the  infusion  of  nutgalls  oocaiioa 
scarcely  any  chanjf  in  the  solutions  of  arseoic. 

4.  The  additioa.of  water  occasions  a  white  prepipi- 
iate  of  oxide  of.  arsenic  *,  tj^i^hf  when  heated  with 
.charcoal^  emits  a  white  smoke,  having  the  smell  of 
arsenic,  ,;        .-,    ..  * 

Sf,  1.     iTitrate  of  Arsenic*  * 

Nitric  acid  a|tai-ks  arsenic  with  violencei  and  con- 
verts it  into  white  oxide,  while  nitrous  gas  is  disenga- 
ged.  When  diluted,  this  acid  dissolves  the  oxide,  and 
deposites  it  again  crystallized  like  white  oxide,  but  real« 
ly  combined  with  nitric  acid.  This  nitrate  is  scarcely 
soluble  if)  water ;  before  the  blowpipe  it  presents  the 
same  phenomena  as  sulphate  of  arsenic,  but  is  dissipated 
more  rapidly  f. 

Sp.  2*     Muriate  (f  Arsenic • 

Muriatic  acid  has  scarcely  any  action  on  arsenic 
while  cold ;- but  when  heated  it  dissolves  it  readily ;  at 
the  same  time  a  quantity  of  arseoicated  hjdrogen  gas  is 
emitted.     White  oxide  of  arsenic  is  also  dissolved  by 

4his  acid  with  facility,  especially  if  a  little  nitric  acid  be 
mixed  with  it.    At  a  boiling  heat  the  muriatic  acid  di^ 

-solves  about  the  third  part  of  its  weight  of  white  oxide  \ 
but  allows  the  greater  part  to  precipitate  again  as  the 
solution  cools.     The  addition  of  water  prjccipitates  the 


*  Eicepc  wh^-n  the  arsenic  u  cuovcrtcd  into  u  acid, 
f  Bergiiuii,  ii.  a^j.  ^  ^    .    ^ 


part  of  the  remainder ;  but  the  muriate  of  arse-   ^^^^  Or. 

r-  III    ^  II  il 

trding  to  the  experiments  of  Bergman,  bmj  ba 
in  the  state  of  crystals.  It  is  verj  volatik^ 
sparingly  soluble  in  water  *• 
alt  may  be  formed  also  by  triturating  together 
rta  of  oxy  muriate  of  mercury  and  o^eof  arae^ 
lietallic  arsenic,  and  distilling  the  aujrtiii«  with 
ite  heat;  There  comes  over  a  transparent  It* 
the  consistence  of  oil,  part  of  which  oongeals  in 
ver.  This  substance  is  muriate  of  arsenic.  -  It 
xibed  by  Lemery  and  others  under  the  name  of 
"arsenic,  or  corrosive  oil  of  arstme. 

Sp.  3.     Sulphate  of  Arsenic. 

:uRic  ACID  has  no  action  on  arsenic  while  cold  ; 
a  heated,  sulphurous  acid  gas  ia  emitted,  and 
1  is  converted  into  a  white  oxide^  a  small  por^ 
r  of  which  is  retained  in  solution*  The  add 
;  equally  a  small  quantity  of  the  white  oxide  of 
in  a  boiling  heat,  but  it  precipitates  again  as 
cools  in  the  form  of  small  crystalline  grains* 
rains  are  a  sulphate  of  arsenic*  They  are  much 
ble  in  water  than  oxide  of  arenic.  Before  the 
t  they  emit  a  white  smoke,  and  melt  into  a  glo« 
ch  evaporates  slowly  f. 

RematHing  Specien 

osphorlc  acid  does  not  attack  arsenic  ^  but  it  dis*  Photphatf. 
s  white  oxide,  and  yields  crystalline  grains  of 
te,  which  have  not  been  examined  {• 


MO,  ii.-%94.  f  Ibid.  p.  S93*  t  ^tid.  p^  295. 


■^ 
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r 


neek, 
lilt  it  j^ 


>Mk  It.  i.  Fluoric  acid  ditwlves  the  wbit*  oidd*  of  • 

■  and  fdrns  so»II  crystalline  graioi,  which  baTC  no!  b 

"««*■         examined. 

Sonic.  0.  BoTBcic  acid  combioet  with  ibe  whiu  oxidaii 

arHntCt  and  yields  bj  evapoTation  borate  of  araeaic, 
partlj  in  a  white  powder,  and  parity  in  needle;!  * 

Acttue.  I-  Accdc  acid  has  no  action  oa  a|;Knic,  but  it  j 

solves  the  while  oaidr,  and  fonns  crystak  tcutil^ 
bla  ia  waUtt. 

■mimic  S.  fientoic  acid  diuatvei  the  white  oxide  of  s 

and  the  solution  yields  by  evaporuiiu)  rery  fine  feather- 
shaped  cr^'stals,  lolubtt  in  water.  Their  U»tc  is  add 
and  acrid.  AUtaLiesoEcnsion  no  prec^>itate  in  the  s^ 
Intion  of  this  sal).  It  sublimes  in  a  moderate  beat :  a  { 
strong  heat  decomposes  it  X- 

Onhu  Mkd  9.  Both  oxalic  and  tartaric  actd  dissolve  tbe  white 
oxide  of  arsenic,  and  yield  by  evaporation  prismatic 
OTStals,  the  propcriiea  of  wbicb  have  not  been  cxa. 
nined(. 

Antniatc.  10.  Arsenic  acid  dinolves  tba  white  oxide  of  araoaic, 

and  yields  cryalaS  rnt  grains  scarcely  soluble  in  water  |). 
Tbe  rcnaining  salts  of  aricnic  an  entirely  unlutom. 

GiMn  X.1X.    Salts  or  Coialt. 

The  salts  of  cobalt  have  attrscicd  the  attention  of 
chemisTs,  ia  cooscquence  of  the  property  which  tome 
of  them  have  of  changing  their  colour  when  healed,  and 
thus  forming  what  has  received  tbe  name  ot  tjm^mtittic 


r^ 
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Mil ;  u  KppeUuioa  given  to  all  liquidi,  ihe  characters  .Of-  Bt. 
formed  bj  which  are  colourleu  and  invisible  when 
wtilUa  Dpon  paper,  but  become  visible  and  coloured  hj 
aadmtgoiag  certain  processes ;  and  likewise  to  tboie  li- 
(]Bidt  which  form  characters  upon  paper  susceptible  o£ 
chaining  their  cohNirhjr  certain  processes.  Ilisprobablc 
thuchemisuhave  not  hitherto  had  an  opponuaitjr  of  of- 
teo  eximiaing  the  pure  salts  of  cobalt ;  for  Mvcral  of 
the  other  metals  adhere  to  cobalt  with  such  persevcriog 
ahwiracy,  that  it  ts  very  difficult  to  obtain  it  in  a  sepa- 
(Ue  Male.  The  salts  of  cobalt  may  be  dittioguithcd  by 
die  follow  tug  properties  : 

%.  The  greater  nntnber  of  ^em  arc  soluble  in  water,  ciunoen. 
and  tha  toiiitiao  has  a  reddish  colour,  at  least  when  the 
s«lto  are  neuiral*. 

5.  The  alkalies,  when  dropt  into  these  solutions,  oc- 
OiioD  ■  blue-coloured  precipitate  -f. 

S<  Triple  prussiate  of  potash  occasions  a  brdwoish- 
ydlow  precipitate,  often  with  a  shade  of  blue. 

4.  Hydrosulphuret  of  potash  occasions  a  black  pteci- 
ptiatc,  solnble  again  tf  the  hydroaulphorel  bo  added  in 
cxces).  Snlphitretedhydtoget)  gas  occasioos  no  prcci- 
piiate  in  iheie  solutions  {. 

5-  Gallic  acid  produces  do  chsnge ;  bnt  the  tincture 
of  outjgalls  occasions  a  yellowish -white  precipitate. 

6.  Cobalt  is  not  precipitated  from  its  soluitons  iti 
sodk  by  lioc. 


*  The  wlutiMi  ol  n^ilt  is  mariiiic  tcid,  when  contcncnitd,  hat » 
Uuth-gnxo  (eloui  at  Ion;  w  then  ii  an  ciecb  of  icid. 

I  Vhco  llie  (obail  i>  totituniiutcd  (lilh  innic  iciJ,  or  wbEO  >t  ii 
diaiiTfAla  KMaicvtd,  itx  prcd|iitite  bf  ■IkaliauKdditbbcom). 

I  ftw,  ■*!■.  A  aim.  CUT.  J4, 

X2 


■■•1 


SAW  •Aimm^  ^ 


ji*:*.  ^i,T'  J 


Tli««»lltidii  hti  a  fdi'ColoQff^  akhjUd»ftfi!Mf^^ 
tlonptoiitt  fritflMiic  erffldi-tfCttinii  fl«lbhii^iMifli»k 
cw*  >i  tb»  alr^  wwl  JMquiyotid'b^  kiM^  ImwJBgtigiim^ 

redfamfcf.  ■■  : : '.  :.':'j!:;      ... '^MnetMfoV! 

'  MniAtic  ACID  acts  with  ffifficulty  apODtaoMNMii 
wAoB'^MHltd  byliepti  boli  a  iUiilioii  ^nay  te  flad% 
obtained  by  adding  a  little  Ditrie«aoicl.. :  jfiuirfa  Ijeii 
dfiedlrea  tfa^  peroside  oC  ooMI  mth.M.«|^nriiaeiace 
tdaiimi»d  bT^die  «imiubo:^'«i7aBiiiiuMitf  acWt^ni 
The  toIutioD,  when  concentrated,  itdifia^  fiae'^paiiy 
aad  triM iCthara  be  no  asorfu^  aad»^biaia'6feaflMi 
red  when  diluted  with  waters  i^Thia«iBtia^'^lMiMafc 
fiaitmlyTdbacemiata^  jields  aiaaU  dtiiqwseMr'ftyAib 
of  muriate  of  oabak.  HMtrcrjataU  aar  Uoa^lmlibfr 
come,  red  when  they  abtorb  mbittore. 


^ympitlic-        11M>«ilattenof  this  salt  cotntittttca  the  firat  ami  bitt 

tic  nk. 

known  of  all  the  •  jmpatfaetic  inka.    It  ii  ^iilutad:  with 

water  till  its  colour  almost  disappearai  and'tUeBMb 
ehafactert'  Written  with  .it  on  {wpv  are  iari^iUe  wbile 
cold-i^bbt. if' tl^e paper  be  gently  healed  thajJMigakai a 
fine  green  colour,,  whiob^  disa|qieaca  agaii  .whfea  the 
paper  cools.  This  maybe  repeated  as.oftea  aa  we 
please,  provided  care  be  taken  not  to  heat  the  paper 
too  much,  otherwise  the  characters  acquire  a  permanent 
*br6wn"  colour.  Klaproth  affirms,  that  this  change  to 
greeq  only  takes  place  when  the  cobalt  solution  is  con- 
taminated with  iron :  if  the  cobalt  be  pure^  the  ch^ 
racters,  instead  of  a  green,  acquire  a  blue  coloar  when 


d  *•  This  sympathetic  ink  was  firft  made  known  ,Ck>y.Pi* 
l^aitz  in  1705  f ;  it  was  described  a  second  time  bj 
hmejrer  in  1731 1 »  ^^^  ^  third  time  by  HelloC  in 
$•  The  cause  of  this  singular  change  of  colour 
lot  hitherto  been  explained  in  a  satisfactory  manner* 
ses  place  equally  in  close  vessels ;  so  that  it;  can 
ely  be  ascribed  to  the  action  of  the  air  or  of  mois- 
At  present  it  is  supposed,  but  without  any  direct 
ff  to  be  owing  to  the  partial  deoxidizemf  nt  of  the 
:  of  cobalt  by  heat,  and  its  reabsorptiou  of  osygqi 

I  cold. 

■  ■  ■  .  •   '    

It  this  supposition  is  not  likely  to  be  verifiecf.  Tlic« 
has  observed  with  justice,  that  the  appearance  of 

■        ■  ■  i       ■  ■     ■  ■ 

Teen  colour,  when  the  paper  is  heated,  is  owing  tp 
oncentration  of  the  solution  ;  and  its  disappearing^ 
I  cold,  to  its  dilution,  by  absorbing  again  the  ^ois- 
it  had  lost  || .  It  is  therefore  exactly  similar,  to  thp 
ge  of  the  solution  from  green  to  red  wlion,  dilute^ 

water ;  but  the  reason  of  this  change  remaisiB|Still 

assigned. 

^hen  this  salt  is  heated  to  redness  in  a  retort,  those 
.  of  it  only  that  touch  the  glass  are  decomposed, 
atic  acid  and  oxymuriatic  acid  are  disengaged,  and 
;Iass  is  tinged  blue.  The' rest  of  the  muriate  melts, 
lublimes  in  grey  coloured  flowers.  These  flowers 
Ive  with  great  diiliculty  in  water.  At  last,  how* 
,  a  solution  of  conmion  niuriate  of  cobalt  may  be 
ned  1[. 


lUproth'i  Okitrvatkns  m  tit  FutlU  •fC^rmntaU^  p.  64.  £ng.  Trans. 
:C  Wicgleb*B  Gtsibicbttt  i.  ia6.  |  C^mmere.  /.iter arum,  p.  yt. 

fern.  Par.  1 737.  |  jUm,  it  Ckim,  llii.  II4- 

roQSt,  Jhk,  dt  Chim.  Iz.  069. 


^.9.    Sh^Mffttldl 


HMT* 

I   I   ' 


90tnilUC  ACID  TC^OitCB  B  MuiB^  Mit  vHOKll CM 

tyittwiltf.  flolitertctcid  diiNlf«t  ihefinBlfetf 
cbbill  wi(h  difllciiliy ;  Iwblikt  of  gas  «•  couiMl  i|- 
iifl|  this  Mhttioa,  iriucAiTlMMfd  wpf  oiti  Whmwaj^ 
}gm%   lWtofaitieniialwa7iVtd;nd  jMdft%f 

boi^  pruB%  iKmiMttA  br  dQMdnl  r**v^f  Vii 
ritfrhai a Mddidi ooloor.  lift  Mfaftki*M>miQf 
Mn^botiiiololbiB  tkohdf.  Thii  all  b  Mlik 
tMtd  V  ttpoiort  to  dM  «ir.  When  TiiaUft  ftton 
4S^<i'^Mtf«  flC WBl0r«  Aiw  MH0M  ii fOio  odHlnH  Ml 
MHf[M*    II  flui^  be  cspQHM  to  1  ttA  bnt  lo  ft  nftvt 

fniftB  irtScb  Coocn  tho  pais  {• 

llifa  nit,  ocooraing  to  the  aad^  of  Baifcaliy  ii 
cooBpoted  of  •  •••••••••S6  acid 

SOojdde 
44  water 

MOf    . 

lib  q^edea  leadily  conbioea  with  nlpbiti  off  pau 
ath  or  ndphate  of  ammonia,  and  fonna  two  wfcda  eC 
triple  aaltB,  which  ha^e  not  hitherto  been  deacrihed 
with  accnracy.  The  sulphate  of  potaah-nnd-oobah 
crystallises  in  rbomboidal  cnbea*     It  ia  not  ao  aobble 


•  Am.  ii  CNm.  lUU  SIX.  f  Oreo's  AiAwl,  B.  JS^ 

i  Prooac,  ifM.  d»  aim.  U.  s6o.         f  JMI^i^,  M.  5a* 


IJIMI 


U  mlptute  of  cobalt,  aad  jitUs  oa\y  e«  prr     Chip-" 
Mitr  wb>a  diatiUcd  *■ 


RtmaiMi^  Sfteitt, 


4.  Phosfsokic  acid  does  not  attack  cob^t ;  but  it  pho^iuu. 
'dittolTCi  its  oxides,  and  forms  a  deep  wiiie^red  tola> 

tioo  t. 

5.  Tbe  fixed  Alkaline  carbonates  precipitate  cobalt  CMtaoM. 
from  its  solutions  in  the  state  of  reddish.bloc  powder. 

Tbis  iowhiblc  caibonate  contains,  according  to  Berg- 
mi*D,  ^tb  of  its  weight  of  carbonic  acid  J. 

e.  Fluoric  acid  don  not  attack  cobalt,  bat  it  dutolvvt  Finite 
its  oxide,  and  forms  with  it  a  jeUow-coloarad  cdad- 
■ons  tolution  §. 

1.  Boracic  acid  does  not  act  upon  cobalt,  but  it  pre-  B«nM 
cipttates  that  metal  from  its  solution  in  other  acids  in 
the  state  of  a  reddisb-white  powder.     This  borate  is 
icarcel^  soluble  in  water.     When  bested  it  melts  into 
a  deep  blue  glass  []. 

8.  Acetic  acid  dissolves  the  oxide  of  cobalt  with  fa>  JUaaa^ 
cili^.  The  solution  does  not  crystallize  ^  and  when 
evaporated  to  dryness,  soon  deliquesces  again.  It  has  a 
nie  red  colour  while  cold,  but  becomes  blue  when  heat- 
ed ^.  This  solution  forms  a  sympathetic  ink:  the  cha- 
taetart  drawo  in  it  are  colourless  while  cold,  bnt  become 
Una  when  heated  *". 


•  PiWBt,  Amu.  *  Ct».  Ii.  s6a.  t  Ona',  )Um$*d,  uL  jit 

t  Ofn,  iL  p.  jit.  mi  3)1.    It  crauiccil  atwaac  uid,  u  ii  ebTioui 
ram  in  rtd  mIouc.  {  Sdtcielc,  i.  jj. 

I  Vmmtpt  VnvoJUtUfl,  p.  158.        1 1bid.  p.  i  jo. 
••  Hmrh,  CnU**  AuMtlt,  1  jts,  il  V- 


v0.  X>nIiefldU.:itfedut«riidl^.M*iq(in*  i^mm  a 
red  powder,  which  it  oMhi^Jit  mfcill     Thb  mitk 
^^"^^       intolttbk  to  water,  but  it  diiMlvM  in  u  eomis  ttf  Mid. 
and  Ttdda  crjttelt.  ^bjtijpiiM  fwttpkana  «a  naM 

Tftrttitt.  10.  Tartaric  add  dliaohm  die  odd^  of  cdbiil^aM^ 

^i3hf9fg,i»^lMhiW!d^  into  tha  af^BlaofiajpCeaMb^. 

be  present,  and  tbcj  carrj.Ofith  theniajppB(jfl);Lof,tpi| 

.-.u  4  9|l^.inBy  apontfOfpua  cnj^mtimifAe  Inpid  jWMi 

IfjprmfHHn^^fl  TTjUahrf  tirtratrirf  nptwli^aftil-'tfflifcrttt 

j^naJiMibe.        ll/Arienic  add,  when  digeatad  upai^.  f^obfrilf^^li^f 

..14.^  «WW  »  w*  ^Vm  bot  It  djDca  nofr  ^tffi^$bmtmA 

^onipletely.    Afaew  fldd  ifm  jBptrp;eoipil«te  .oaMt 

$roDii,ita:SQhit|on  in  aG^;..battho  alkaljpo. 

pccaaioo  ja  precipitate  of  o  fine  red  coloof^Fbid 

seniate  of  cobalt  {•    This  salt  is  fbnnd  nati?o  i 

.  tiinea  in  the  state  of  a  fine  red  effloreaoenccL  and  soose- 

^oies  crystallized  in  spiall/our-sided  prisma  9r  tables^ 

When  the  arseniate  of  oo^b  is  heated  iaargl^aa  tqbe 

(t  bacomesTiokty  bntis  not  4<s«xiinpcied«  acirdoaait 

tiiinge  the  glass  Una.    It  dimlvn  i^n  nijtriQadd.witheot 

^c^rresoence.    When  its  solution  in  mnriatijs,  aejbiis 

mixed  with  sulphnreted  hydrogen,-  it  does  not  hecoia 

tnrbid  till  it  has  stood  two  hours.     Potash  predpitales 

blue  oxide  of  cobalt,  and  combines  with  the  add  {• 


•  Bergmtn,  i.  170,  f  Grcn,  iii.  is8. 

|8citede,i.l8d..  5  Fnmit,  ^M.  dlr  ClMib  I&  a7<r 


".■"•■  /  •  • 
Whek  «  solulioo  of  cobalt  i«  oitric  acid  is  sapena- 
turated  with  ammonia, 'it  is  vfll  knowo  that  no  preci- 
pitate appears.  When  this  i^lutipn  is  evaporafed  to 
firyness,  ^nd  the  residue  is  treated  vitll  water,  a  red  so* 
lution  is  obtained,  which  yields  }>7  dow  evaporation  ro^ 
gular  cubes  o(  %  red  polour*  Tbepe  .crystals  are  a  triple 
IaIi,  compose^,  of  nitrip  apid,  amoiQniaf  and  oxide  oixo* 
bait.  They  were  first  ob^erv^  by  Tdfnardv  Tbeif 
taste  is  urinous  %  they  are  not  altered  by  exposure  to 
the  air.  When  heated  they  biu^m  with  a  yellowislu 
^hite  flam^  iikp  nitrate  of  ammonia,  leaving  an  oxide 
of  cobalt^  T^pir  solution  in  water  is  neither  precipir 
lated  by  i^l&alies  nor  alkaline  earths ;  but  when  boiled 
.^itb  pot^sbf  ^oHnonia  is  disengaged,  and  Uie  oxide  of 
cobalt  prepipi^s  *• 


Gf  Kus  XX*   Salts  of  AIanganesje;. 

•  •  •  -  ■ 

All  the  properties  of  this  genus  of  salts  with  which 
we  are  even  at  present  acquainted  were  ascertained  by 
3ergman  and  Scheele,  by  who^e  labours  the  oxide  of 
manganese,  one  of  the  most  impor^int  of  all  our  instru- 
jsfBntSi  w.as  first  put  into  the  hands  of  chemists,  'ipie 
salts  of  manganese  may  b^  distiuguished  by  the  follow*> 
ing  properties : 

1.  They  are  almost  all  soluble  in  water  \  and  the  so«   Chtfacten 
Jution,  when  treated  with  fi|:ed  alkalies,  depositcs  ft 


e  Thenard,  Amu,  ii  Ckm.  slil  345. 


white  or  reddish  coloured  precipiute,  which  vct/  KWt 
becomes  black  when  exposed  lo  the  air. 

a.  Triple  pntsaiaie  of  pot»b  occasioot  B  y 
while  prcdpiUlc  when  dropl  into  th«5e  solntioni. 

3.  Hrdromlphurci  of  poush  eccationsa  white  p 
pitatv.     SuIphureKd  hydrogen  gat  gives  the  tohiriM  ft 
white  colour,  but  produces  no  precipitate. 

4.  Gallic  acid  occsiions  no  precipitate. 
S-  Manganese  is  not  precipitated  fTom  its  tolntion  if 

the  metallic  sui«  bj  any  of  the  other  metals.  < 

Sf.  I,     Nitral*  0/  Atat^antie. 
Ntntic  ACID  dissolves  manganeae  with 
occasioned  by  the  emission  of  nitrous  gas.     Itdii 
Ac  while  oxide  with  facility,  and  without  the  ea 
of  any  gas :  but  it  has  very  little  action  on  the 
oxide  i  however,  by  very  long  digestion,  it  at  but  di 
tolves  a  part  of  it.     The  solution  goes  on  mnch  mo 
rapidly  if  a  little  sugar  or  gum,  or  any  aimilar  sa 
stance,  be  added,  and  at  the   same  time  a  quantity 
carbonic  acid  gai  is  emitted.     Hence  we  see  that  I 
black  oxide  must  part  with  a  portion  ol  its  oxygen  b 
fere  nitric  acid  can  dissolve  it.     Nitrous  acid  acts  up 
the  black  oxide  mtKh  more  readily,  and  is  oonv 
entirely  into  nitric  acid.     The  solution,  in  what 
ttar  soever  it  has  been  made,  is  always  colourless, 
vided  the  mangancte  be  pure.     Hence  we  maycaoclods 
that  it  contains  only  the  white  oxide.     So  that,  as  far 
as  is  known  at  present,  there  is  no  such  sDbstance  as 
vxjmitrati  of  manganese.     This  solution  does  not  erya- 
tallizc  bow  slowly  soever  it  be  evaporated.     Heat  de- 
composes it,  and  leaves  the  oxide  *. 


•  Sihedot  i-  43>  ^  i  ud  B 


SD.iLait. 


MVUATIC  ACID  mtdily  diEBoIves  manganete  with 
«i  effervctcence,  occasioned  b;  the  emission  of  hjdrogen 
gts.  It  dissolves  llie  white  oxide  without  cffcrvesoetiM, 
knd  Ihe  solution  is  coIoutIcm.  When  allowed  to  !«• 
nain  cold  upon  the  black  oxide,  it  dissolves  a  portion 
of  it,  aod  forms  a  red  solution,  which  deposiirs  red  ox- 
ide when  diluted  with  WBter.  When  heat  ii  applied  to 
tbc  mtxluFc  of  black  oxide  of  maaganeK  and  muriatic 
•cid,  &D  efiervesccnce  lakes  place,  and  oxynturiatic  acid 
gu  is  emitted.  The  cxide  becomes  white  and  gradual- 
Ijr  diKolves.  In  this  case  the  acid  is  divided  ioto  two 
portions  i  one  absorbs  oxygen  from  the  metal,  and  fiiea 
off  in  the  state  of  gas  ;  the  other  dissolves  the  white 
oxide,  as  it  is  set  at  liberty  by  ih«  decomposition  of  the 
black  oxide.  If  sugar  or  any  other  similar  vegetable 
tabsiance  is  added,  no  oxymuriatic  gas  is  emitted,  but 
iititead  of  it  carbonic  actd  gas.  From  these  &cts  it  is 
obvious  that  muriatic  acid  combines  both  with  the  white 
tmd  red  oxides  of  manganese  ;  so  that  there  is  both  a 
mmntU  and  cxymitriate  of  that  metal.  But  the  proper- 
ties of  these  salts  arc  still  almost  unknown.  According 
to  Bergman,  the  muriate  crystallixes  with  diflictiliy,  sod 
•when  evaporated  to  dryness  yields  a  saline  mass,  which 
attracts  moitturc.  The  solution  oC  the  oxymuriate  is 
ted,  and  it  seems  to  be  partly  decomposed  by  water*. 

Sp.  3.     Saipbatid  Maagtuuit. 

c  ACID  acts  w^ih  coefgy  ott  mangaane,  tt- 


1  u;.— SdiTde.i.  46.  and  6;. 


-  '^  .of  water,  and  forid^'witb  h  a  eoloMrW  aoliitioa.  It  disr 
Wvea  alio  wiA  eqiMil  fwlity  tiaaifitiiu  jni  nfl  njjllf  ■ 
irf  mDjpuiaei  batUlkaa  np*  artioa  iflMUBfr.  off^iht 
IJimJl  oxid^  Makaiiaauftc4  bjr.baawi:  ffite  Murt  iaibi 
caae,  o^jri^H  gaagMM  gff  ii»  ilnindana^  and  ibm  :«dia 
»diitoka4f:  Tteiaa.iM>>lvii0ft'tak»i(lad0willtott 
Sht  emiiiion  of  (beat  gas  wbca'a  Utd^  «afnriir«dABilto 
Hiesttirtiirek .  Soao^.tTeipiaAhat  iba.Uadkiiamdif 
oapabkiof  oooihiPMif .  wiib  iolphnriftari4  MM.'ia  ak 
wa7ikaeaai»grUonpfita.oxyganbafiMBaaoliHlott«  'Bm 
Baffginaa  haa  abofnip.:tbat  tokb  thf^rbila  and  tbe  ni) 
onda oMabioe  with: Ihat acid,  andfca^  wjdi it  •aak; 
AiT^hal  wa  barf  .two  oombinatioaa'of  aolpburif  aeU  aad 
rtaiigaamf :  dri|»:tke-<onbiiuiitpiiLof  i^lpbnria  idd  Ai 
dia'rwluto  mith  wbiab  fbrmt  iiRJ^ifl^  of  mMftmimi 
|M)»  Moofi41y»  tlie  i»mbiiMioa  Qf  tb^  «fid  m<b  A#«M 
jwJftot  wbiohconifimtaa  :aaff/i«j^#,of.liMi^^  •:>/: 
>:  i..ft4»to#  o/Min^imff^  Tbiifttal)ia.oMiiidp«e 
bj  diiaolYiog  mingantar  in  diIptQ4  wipbaric  add^-  o# 
^jr  diasdviDg  tbq  Uack  v^t^Uk  in  Uutf  Md*  iddiiy  atiba 
a»o^  ^lDea  littl^  mgfit*  Tl|e.  f<toiio»  ji  colonriaa^ 
jp4  ykldf  by  evafifMraUoo  tr^tBarcnt  rbQOiboidri  crytf 
.tab  of  aolpliatf  of  miaganeae,  -Tk/mvi^^  batfo  • 
^wrj  biuar  taita^  a}i4  fre  daco^ipofo^.  fiy  baat^.wbiali 
jlrivcs  off  tbeir  fdd^  AUcaliea  predfim^  &|n]|  tlH« 
tbe  paaogaoeae  iQ  tbe  state  of  a  white- o^a*. 

2.  Oxysulpbati  of  Mangam^e.  This  salt  may  be  ob- 
tained by  distilling  aulphnric  add  from  the  black  oxide 
(^.manganescy  and  washing  the  residouqi  in  waler.    A 


a  Bcrgauo,  ii.  arsi        . .  ., 


MXNGAVESE.  SS3 

red  or  rather  violei  coloured  liquor  is  thus  obtained,  ^ap.  Ttr. 
which  holds  in  solution  the  oxvsulphate  of  znangahese. 
This  solution  is  diiBcultly  crystallized,  but  passes  readi- 
I7  into  ft  gelatinous  form.  The  few  crystals  which  are 
mixed  with  this  jelly  are  soft,  and  hare  but  little  perma^ 
nency.  When  evaporated  to  dryness,  it  yields  thin  red 
coloured  saline  crusts,  which  precipitate  successively 
from  the  surface,  and  which  do  not  readily  deliquesce. 
This  salt  is  very  soluble  in  water  ;  and  alkalies  precipi- 
tate the  manganese  in  the  state  of  a  red  oxide,  which 
soon  becomes  black  when  exposed  to  the  air  *• 

Sulphurous  acid  readily  dissolves  the  black  oxide  of 
manganese,  and  forms  with  it  sulphate  of  manganese,  as 
Scheele  ascertained  f.  The  theory  of  this  is  obvious. 
Part  of  its  oxygen  is  abstracted  from  the  manganese  by 
the  acid ;  in  consequence  of  which,  the  black  oxide  is 
converted  into  white  oxide,  and  the  sulphurous  into 
sulphuric  acid.  It  is  not  known  whether  sulphurous 
acid  forms  with  the  oxides  of  oaaoganese  a  permanent 
salt. 

Haussman  has  lately  proposed  the  sulphate  of  man- 
ganese for  marking  lines  so  as  not  to  be  effaced  by  the 
action  of  oxymuriatic  acid.  The  solution  of  this  salt 
in  water  is  mixed  up  with  any  vegetable  colouring  mat- 
ter to  the  proper  consistence,  and  applied  to  the  linen, 
which  is  then  passed  through  an  alkaline  ley.*'  The  ox~ 
ide  of  manganese  is  thus  precipitated  upon  the  cloth  ; 
and  by  the  action  of  oxymuriatic  acid,  its  colour  be- 
comes yellowish  brown  }. 


,  L  .1    ■ 


*  Bergman,  p.  atj.  t  ichede,  i.  4^ 

\  Ann,  d*  Chim.  liik  SoS.  .      c^^sA^ 
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PiMMnoue  AOiD  has  bttt  Uttb  Miott  «i 
M*  ilk  nrihkii  becftoie  it  fioriBi  vUi  iha^A  fllttffiHll^ 
hrtolohls  sft  miBr*    Bat  pbiiphilt  if 
]»  oteind  »  iIm  forai  oC  « 
rihriiBi  pbMphilt  villi  ths  lolBtMKif 
«qrol  ibi  tkiM  oaatnl  acidt^*    TUl  ab 


iMgn  tAMWM   ACID  Midu 
.%lMk  oflMt^  ni  4MMli?et  a  nwOl  poftfas.    IMm^ 
aalsiiM  »  apoitd  t*  tiia  air^  theaaUgiadM^ 
jivd  a  wUia  paBida  fianaa  oa  kiiarfiMa^  coaaiatiafiC 
wUtaoiida.    IHu»|tkeaol«tias0£flMogaMaaia Ail 
aoid^  aa  adaar  aiadBat  t»  thai  ai  knuaf  Itt  aa  panty- 

■fclaTt 

•  *  »  ,■*•.■ 

Jjfw  0.  aatf  7*    FhaU  mid  Bor&a  9f  Mat^gmmwn 

Tte  iaoiM  aad  borado  aciia&ra  likaiiM  «i*1be 
anlas  af  naaganaia  talii  difioaltij  aabibla  »  naiar» 
Ae  fffopartks  of  whidi  have  aoi  hickarlo  baca 
amainai*  Thcaa  acids  have  bat  litdft  aaliaii  a» 
gaam  wi  Ite  agjdeit  baitteioalaechacaiattf' 
Mta  aaj  ba  aaaUj  bnacd  bj  poaiiag  tha  alkaliM 
am  Off  bacalaa  iaia  aalfhate  ac  aiariata  af 


8»  AciTiG  ACID  has  butlittle  effect  upon  manganese 


a  icheck,  i.  48.— Bcrgnasy  !{•  sxf. 
I  BcifDiMi.  i.  J5. ;  and  8«lifck|  L  51. 
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tmmediitely  i  but  it  diHolves  a  nnall  portion  hy  tong  (iap.  IH. 
digestion,  as  it  does  also  of  the  black  oxide.  The  solu- 
tioD  docs  not  jield  crjaials,  and  when  evaporated  to 
dryness  soon  deliqnesccs  again  *,  Viuqnelin  has  em- 
ployed acetic  acid  in  order  to  separate  iron  from  tnan. 
ganese.  When  a  oiixtuie  ofthe&e  two  metals  is  dis- 
solved in  acetic  acid,  and  the  solution  evaporated  to  dry- 
nees,  ihe  acid  adheres  to  the  manganese,  but  abandons 
tbeiron.  Water  dissolves  the  acetate  of  manganese,  bat 
leavci  the  okide  of  iron  on  the  filler.  Two  or  ihree 
evaporations  and  solutions  are  sufficient  to  deprive  ace- 
tote  of  Btanganese  of  the  whole  of  its  iron  f. 

9.  Benzoicaciddissolvesthenhiieoxideof manganese   Bemoitt. 
with  facility.  Thesolaiion  jietds small  crysiallinescBJcs 
eaulf  soluble  in  water,  but  sparingly  in  alcohol.    They 
arc  not  altered  by  exposure  to  the  air  %• 

10.  Sutcinait  of  Maiigmcte.       When  a  succinate  of  3ikc4di(» 
potash  or  soda  is  dropt  into  a  neutral  solution  of  maa- 
fanese,  no  precipitate  is  thrown  down  ;  but  if  iron  be 
present)  it  falls   in   combination    with  succinic  acid. 
Hence  Gchleo  hai  proposed  an  alkaline  succinate  as  the 

beM  means  of  separating  iron  and  manganese  from  each 
other. 

11.  Oxalic  acid  attacks  manganese,  and  dissolves  the   Oulaie^ 
blade,  oxide  with  etTervescence.    The  solution,  whensa- 
tarated,  lets  fall  the  oxalate  of  manganese  in  the  state  of 

a  white  powder.  Oxalic  acid  precipitates  the  same 
powder  from  the  solution  of  manganese  in  sulphnric^ 
^tric,  or  muriatic  acid  \. 

IS*  Tartaric  acid  dissolves  black  oxide  of  manganese  Tirmt*^ 


•  Bcrginiii,IL  119.  f  Amit.  ACtim.  1IL  S49. 

tTTanBMdorf,lbUl.ii.3>7,         i  BtrgBtin. i.  17*' *nd  iL 


«df  tiM oaMetnd  the  nianpginif  mitijiif  iii'iimi^imlili 
tStnte.       -'  is/^'trk«adact««»pQO  4te(Uidk.'«dii9ii 

iM»iritlrMbi%i  vndvlMo  it  ■pppfljihii Hii  jmiNbrf 
lOufitirtrt/  fee  •olottdtf  becoawi  tMiSk»  iwtt  twdllc^yH 
■tahp  whioh  fepartlei  r  Thoe  oyMlt  ifoi  anHowK^C 
tBWgtaetcJ  Thej'tfv  piedpteatfed  »iica  jA  wlKliliir 
ftrsentate  itdHipi iiM th^:«Dlu«ion  mi  mmagmim^iim-m 
•  '  V  i  acid.  Thaw  crytt>li  aopM  mAiirbcn  iwttti|,Mgiihgr 
'dot*  «raaue  BiibliDie^  iuleu  ohiworilbefldikMl  wWi 

«  '  MiB  ml  potub  k  rtfated  wiA;  ttvMa(mii^.i£«iDgmai^' 
no  fanineditli  chugtlikct.pfaKiti^lmiifxIhtiwbeMi'^ 
ietaride^  t  grctt auiifcf ^ rf wwrtt gri jinirir .^rjH^^ 
ft  reddish  browA  ^eloufiMeAipotited,  joeittitliiig  of  !•!• 
trate  of  poteth  oombited'wich  t|ie  oxidb  of  fMngineiC. 
Thej  en  BpertDglf  sbhiUe  in  water*  Heet  deeoaipa- 
les  them  by  destroying  the  acid.  Richter  propojedthB 
ibrmation  of  thb  eak  ••  OM  of  the.  best  aiMM  of  prorf 
coriag  airozide  of  maogenese  in  a  state  of  pwity.-i .  bet 
iueciiiate  of  potesh  aosnttrs  the  purpose  better,  tij:  efijf 
tuaUy  separating  the  iron,  the  onfy  metal  with  whioh 
.manganese  is  eontaminated  in  oonunoQ  caees* 


.,  f 


e  Bergman  I  ii.  aaa  f  Scheele,  u  zSS. 
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GJENbs  XXI.    Salts  or  CmoMiuH. 

This  geoos  of  salts  is  still  very  little  known ;  the 
tail  quantity  of  chroniiiun  hitherto  obtained  in  the 
:tallic  state  not  having  permitted  ehenusta  to  examine 
e  action  of  acids  opon  .  it  with  much  attention.  For 
e  few  facts  known,  we  are  indebted  to  Kiditer  *  and 
odonf.  » 

The  presence  of  Chromium  may  be  detected  by  the 
Uowiog  properties : 

1.  Triple  prussiate  of  potash  occasions  a  beown  pre*  Chancten. 
pitate. 

2.  The  infiision  of  nutgalls  occasions  a  brown  predU 
Ute. 

3«  The  hydrosulphuret  of  potash  occasions  a  green 
recipitalen  whicfa  a  few  drops  of  nitric  acid  change  to 
^liow. 

When  chromium  is  in  the  aaetaUic  atate,  the  acids 
:t  upon  it  with  great  difficulty,  neither  nitric  acid 
3r  nitromuriatic  dissolving  it  rapidly*  The  latter  by 
»ng  digestion  dissolves  a  small  portion,  and  forms  a 
reen  coloured  solution  t* 

£ven  the  protoxide  of  chromium,  formed  by  expo- 
Ag  chromic  acid  to  a  strong  heat,  is  but  very  feebly 
ttacked  by  acids.  The  nitric  at  last,  however,  acidi- 
es  the  greater  part ;  but  if  chromic  acid  thus  obtained 
e  precipitated  by  nitrate  of  mercury,  the  liquor  retains 
n  amethyst  colour,  and  yields  by  evaporation  octahe* 


*  Gehlcn^s  /tarr.  ▼.351.  t  ^""-  '^  ^^'^  1^<J*  ^^^  • 

X  Richter,  Ibid. 
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BmIiV.    drd  erjtuk  of  tine  violet  cotoiir,ifli]chGodopiCBaBd 
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to  be  nitnUe  of  cbromiiun  *• 


GtwosXXII.    S4LTB  or  If  OLTBBioaM. 

r.    '  •  ..  . 

Tkm  genae  k  ttill  prtbkmrtioei.  bdeed  h  haitai 
eetertatiifld  thet  die  nmtftt  of  moljUHtMi  M^  faMMi* 
bk  of  tovsmng  ctjttaUisiUe  nlte  irilh  aeUe*  jBet 
0»anj  tctdt  diftolTe  them  j  and  the  renltiDg  Mtitm 
mtn  remarkeUe  for  die  changes  of  coloarto  wUoh  4c7 
are  liable.  For  the  most  accurate  set  of  esfetnoMils 
Oft.  tUa  eabjeet  wm  ave  indebted  to  Bvehdli^  triho  bu 
htely  published  an  elaborate  dissertatioii  on  the-piefsr- 
tka  of  flKdjbdeanmf  • 

Wtntc.  1.  When  molybdenum  in  powder  is  treated  Ivilli  iiL 

hiled  mtrie  acid,  it  dissolves  very  slowly  unless  Ibe  ae- 
tioo  of  die  acid  be  essisted  by  heat.  The  iolntM  ttos 
formed  has  a  ydlowish  brown  odour,  with  a  shada  of 
fUL  When  erqiented  to  dryness^  it  leaves  a  ve^ttdw 
brown  residue  dmoat  all  soluble  in  distilled  sirater. 
Its  taste  is  acid  and  bitter,  leaving  a  metallic  flavoidr  in 
the  mouth.  Aaunouia  throws  down  a  biowuisb^red 
flaky  precipitate  from  the  solution,  mixed  wiA  a  few 
crystab  of  molybdic  acid.  When  more  mblybdennm 
vi  employed  than  the  acid  can  dissolve,  the  solntlott  gra* 
dually  assumes  a  blue  colour,  and  lets  fisll  blue  oxide  of 
molybdenum  f. 

Mnriaec.  3.  Muriatic  acid  does  not  attack  molybdenum ;  but 

ozymoriatic  dissolves  it,  and  forms  a  blue-coloored  so* 


•  Gixloo,  Ahh,  Je  dim,  lili.  £22.  f  Gehlco*0  /mt.  it.  636. 

*  BucholZr  I')id.  f .  637.  « 
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lotion  *.  Muriatic  acid  dis&olvc^  the  oxide  of  molyfa-  Cliap-  f^ 
dcnum  in  a  boiiing  heal,  and  the  solution  assumes  a  deep 
blue  colour,  and  a  blue  sediiveot  falls.  Mumtic  acid 
dissolves  likewise  molybdic  acid.  The  solution  is  of  a 
pftle  yellowish  green  colour,  but  becomes  blue  when 
saturated  nilh  potash -f. 

3.  Sulphuric  acid  does  not   ace  upon    powdered  mo-   Sulphatr. 
lybdcnum  at  the  temptraiure  of  ihe  atmosphere  ;  but 

when  it  is  assisted  by  heat,  sulphurous  acid  is  driven 
off,  «od  a  yellowish-brown  thick  solution  is  formed. 
If  Ibis  solution  be  allowed  to  remain  upon  undissolved 
uaolybdeDUtt),  its  colour  gradually  changes  (o  bine,  and 
blue  oxide  precipitates  t-  When  diluted  sulphuric  a> 
cid  is  digested  on  moly  bdic  oxide,  a  solution  takes  place, 
which  ii  green  while  hot,  but  becomes  blue  on  cool- 
ing $.  Sulphuric  acid  dissolves  niolybdic  acid  by  the 
assistance  of  heat.  The  solution  is  colourless  while 
hot;  bat  on  cooling  it  assumes  s  deep  blue  colour,  which 
is  heightened  by  saturating  ihc  solution  with  soda  ||. 

4.  Phosphoric  acid  does  not  act  upon  molybdenum  al  PhotpUc*. 
the  temperature  of  the  atmosphere  i  but  when  they  are  •  i^^^ 
healed  together  in  an  open  vessel^  a  portion  of  the  me- 
tal is  oxidized  at  the  expence  of  the  acid.  When  wa. 
ter  is  poured  upon  the  dry  mass,  »  yellowish-brown  so- 
latioD  is  obtained,  containing  the  oxide  of  molybdenuni 
ia  combination  with  phosphoric  acid.  Though  this 
•olution  be  kept  over  molybdenum  in  powder,  it  does 
not  change  colour  like  the  preceding,  and  no  blue  oxide 
is  precipitated  ^. 


•  Bud).  0*  hlen'i /«>>r,  i7. 640. 
)  Ibcnun  I  u  ijuoicd  by  Crto,  1 
g  Hticlkcir,  F'<il.  n*i.  t  :9J ,  p 
1  kocholt,  Gchlca'i  Aur,  ii.  £4 
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$•  Fiiionb  iRid  dtttolvQt  wot  ondss  cv  tMttljrbdfldin^ 
The  flofaitinny  while  bet,  it  greenish  jelUiry 
ototrtted  bjr  eTAportUoiiy  it  beeoflMt  jcJwif  i 
fednieed  to-a  drj  awtt,  freaoidi  hhM.    Whii 
it  #ell  wmshedy  it  asuimet  m  fine  gtmm  oelo«r  x  rihp  j«e. 
far  employed  toqoiiet  m  dirty  gmt  gitep*w 
V  6.  Bentcic  add  tppeart  teareely  to  tet  <pia  awJtyh. 
JlUMBii  f.    Neither  htt  it  tay  actfoa  vpon'ttt.mddai  t- 
- '  7.'  Acetic  eeid  does  net  act  upon  Metybdeaam  arUk 
cold ;  but  when  ■■■iiltd  by  heatf  tt^diiaohat  ■  peiliflii 
fthtoittg  ayelloarith-browa  tdatieii  {« • 
^  t>    ftnrfiniiT  trid  irtt  rnij  Irrhlj  apnn  mnljhiWaaM^ 
bat  by  heat  it  foran  a  greeaiilweeleofad  adlallaB||« 
<  o:  Oxalic  addfennt a  bloe  tolotioo  wiA  aMilybdiceK- 
Ide,  which  doet  not  change  oolonr  by  eTapafatia»i  bat 
when  diluted  with  water^  it  beeomet  gfcen  i  a  huge 
aoditioo  renders  it  brown  ^«        ... 

tartrate.  '  10.  Tatttrie  add  and  eitrio  acid  act  very  ieeUy, 
thoogh  when  aisiated  by  heat  they  dissolve  a  small  por* 
tion  of  the  metal  **• 

Mdybdtts.  11.  The  oxide  of  aaoly bdennm  is  predpitated  brown 
from  adds  by  triple  pmssiate  of  potash^  and  deep  brown 
by  tincture  of  nutgalls  ft . 

Genus  XXIII.  Salts  of  Ukahium • 
This  genus  of  salts  has  been  hitherto  examined  only 


*  Heyer,  Crell*s  Ammsii,  1787,  iL  xar. 

f  Bucholx,  Gehlen*s  /nvr.  iv.  643.         |  Grcn*«  HMndhubt  tii.  7 13. 

§  Buchoh,  Ibid.  p.  643.  |  tbid. 

^  Hcyer,  Creirt  Ammah^  1787,]].  zxf. 

w  Bucholz,  Gehlen*!  Jovr.  hr.  643.    \\  Gren's  ffgM^uti,  uL  713. 


U&AKIUlf*  Sill 

by  Kltpcotb^  Riditer,  and  Bochofe*    This  last  ciicmitl|  P>^  ^^^ 
hmshiltly  pablithed  a  verj  ptrticular  dcscriptioa  of  the 
solphate  and  oHrrnte  of  nraiuQiii. 

The  wlii  of  oraniam  may  be  distingvished  by  tba- 
foHowMg  ptoperties ; 

1.  Tb^  gfeattr  nuflaber  of  tbem^nre  aoliibk  in  water^  Chanoen. 
omI  the  idiitioa  hat «  yellow  oobmr. 

ir.  The  pure- alkalies  occasioa  in  these  solntioa^  * 
yeBovrpiecsipitate;  tb|D  alkaline  ^carbonates  asrhitepfe** 
dpitaley  sbhiM^  in  en  excess  of  aUcali. 

9.  Triple  pnissiate  of  potash  occasions  a  broimisb^- 
sed  pteeiyitate»  whidi  d^not  asanme  thoiami'.  of 
flakes  like  the' pmssiate  of  copper* 

4.  Hjdrosulptmret  of  potash  oocasioos  a  brosmish^ 
yellosp  preeipifaie. 

'  5i  The  iftfbsion  of  notgalls  occasions  a  choootaie^co* 
looted  preoipitlate. 

6.  No  precipitate  is  occasioned  by  aioCyiroBy  or  tin^« 

.  Sp,  1.     Nitrated  Uranium. 

•  •  •'    I* 

NiTUC  ACID  readily  dissolves  uranium  with  the  e- 

'-'"'i  *    .  ■■•'••' 

mission  of  uitrous  gas.     The  selution  has  a  yellowish 

colour  t*.    The  oxide  of  uraniifm  is  dissolved  by  this 

acid  with  still  greater  facility.    From  the  trials  of  Bu- 

cholz  t  i^  follows,  that  the  acid  unites  with  the  oxide 

in  t^vo  proportionsi^  forming  a  nitrate  and  subnitrate  of 

«  * 

uraniums  « 

1.  Nitrate.  This  salt  is  best  formeff,  as  Klaproth^ 
showed,  by  dissolving  the  oxide  of  uranium  in  nitric. 


•  Khproth,  CreH'i  Jmrnmlt,  i.  13a  Eog.  Tnod.— Richter*!  Nnrm 
CtgtmtiamJe. — GFen*t  Handhut,  iii.  741. 
t  BiBcboli,  OdOcH't  /#air.  it.  ^  MUd*  ^  H^- 


M0  MJblBiOr 

PUjLni,  **"*  •^  bringtni  the  AlutioD  to  f  riHillitiiiMh  Iht 
belt  nMtlm}  of  obtaaaiog  njgokrorjflMlfcikj.to^^ 
the  tolttttoD  to  a  very  modecale  beBt<.  .  WhMtlk 
ted  liot  sohttt«  b  eDoledLqoiekliE^  arymbiliftirin 
obteined,  but  aot  to  regular.  The  <iJrHiHiwptji|biW»i 
oeedi best  wfteft  thereie  a' iUgto teQti% irfu^ ^a  T^ 
colour  of  the  crygtah.frtmtetfeww>uit.NWlwliigJ»?tbt 
yethodol^rjttalliaing.  Wheo  lb0id9llifMbrM4% 
teSMatad  erith  Q»ide»  the  qytahiere  eC:  Ifc  IfijufHv JP^ 
low,  and  greenish  at  die  edgee^:  bM  wbM/#llliyii»:«l 
exoen^  dctd  preieiitt  tbtoj  haiift  dl*  gcecnilif:  tffopr. 
llie  «nfatab  Jiaira '  the  form  of  taUe%  eAeOL  te 
bat  by  cautious  inanagei(mt9.the]r  aMy>;bliifihliii»<tfa 
UtfgolaoiusidedreetangdlarflatprieoMi;;  :.:>  :  ^il  . 

They  are  extremely  soluble  in  waCai^t^Mtftlll.oC 
that  lufiid  at  the  coounon  ttmpenture  ttMigioif||bbrof 
dissolving  200  parts  of  nitrate  of  uimiiM)^  ^(Podng 
n^ter  diMolve^  any  qatuiity  i.  thiq  WMiet  •foqmrttfliiii' 
tioo  being  suflkient  at  th^t  temperature  to  keep  the  tilt 
in  solution*  They  are  still  more  soluble  in  pore  alco» 
hoi  i  one  part  of  that  liquid  dissolving  Sfd'parts  oTthe 
nitrate..  The  solution  has  a  yellow  colour,  and  ia  of 
the  consistence  of  a  syrup.  Boiling  alcohol  dissolves 
any  quantity,  but  a  portion  of  the  salt  precipitates  igain 
aa  the  solution  cools.  By  evaporation  the  sdntioa 
yields  regular  crystab  of  nitrate  of  uranium.  If  it  be 
kept  for  a  longtime  in  the  temperatufe  of  about  122^, 
the  salt  is  partly  decomposed,  a  yellow  powdtr  (Jredpi. 
tating ;  a  portion  of  which  is  oxide  of  uranium,  and  a 
portion  of  the  same  oxide,  united  probably  to  a  vegetable 


*  Baciiois,  GeblcQ*s  J»uk  iv.  145.  .  ^  XbiL  i^ 


When  four  parts  of  nitrate  of 


and  o 
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pwtofakohol  are  distilled  in  a  very  moderate  heat, 
rtie  firvt  portion  which  comes  over  has  the  smell  of  ni- 
tric «tticr  i  the  second  contains  a  portion  of  acetic  acid  *. 
Salpburic  ether  dissolves  about  ^th  of  its  weight  of 
din  sstlt  ;  the  solution  is  lemon  yellow  ;  but  when  ex- 
posed to  the  sun's  rays,  it  becocDcs  in  a  few  minates 
£reeD,  and  in  some  hours  a  watery  portion  subsides,  of 
agreen  colour,  containitiguranium.  Theeiher  acquires 
the  smell  of  nitric  ether,  and  a  quantity  of  bUck  oxide 
ef  uranium  precipitates  f. 

When  nitrate  of  uranium  is  exposed  to  the  ^r  Rt  the 
temperature  of  about  lOo",  it  very  soon  falls  into* 
white  powder  ;  but  in  cold  and  damp  air  it  very  sooa 
deliqueKes  into  a  liquid  X- 

When  healed,  it  undergoes  the  watery  fusion ;  the 
water  which  it  contains  is  gradually  dissipated,  carrying 
along  with  it  a  p8rlion  of  the  acid.  If  the  heat  bt  la* 
creased,  nitrous  gas  makes  its  escape,  and  at  last  apor- 
tion  of  oxygen  gas  is  disengaged.  By  this  process,  not 
only  the  whole  of  the  acid  and  water  is  dissipated,  but 
the  metal  loses  also  a  considerable  portion  of  its  oxy- 
gen j. 

From  the  experiments  of  Bucholz,  it  fallows  that  this 
iait  is  composed  of. 61  oxide  Compoii- 

b^H  25  acid  t'«"' 

^^^K  water 

i 
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f  Suhnifrate.     When  nitrate  of  uranium  is  heated 


"  Bucholi,  GcUcn'i  J—r.  iv.  |ji. 

]  Aid.'p.ija.  }  Ibid.  p. 


\  Ibid.  p.  I5& 
|'lbIdp.i4S- 


« 
J^^    itU  its  colour  becopftei  ortage-Talkm^  k  4o«.^t-lb> 

wcivt  con^firtdy  in  wttery  k>flig:behM  •ilMMhJiU 

low  |MMvil(Mr«  •  A  potttoci  of  tho  suio-p#MivMMllHWni5 

prodfittitn  ftoon  tliesolation.bofbMil.MVJbekai^||kl 

to  GrfMUiif ..   lUs  powder  if  iiiadlnM«ift%WMi|r;lM 
hat  bMi  shown  by  BnolwUftolwngakiihwi0  4i(tiiti 

\    .  .         ■      ^- ..  I- 


«i 


^^.  2.    MmriiUe  qf  Uf 

•''^UiiiCiiiVM  itt  the  mettlKc  tlfttc  it  teucely 
murittic  acid  1 1  but  it  dissolTts  die  oxidlBp 
with  it  dettquetoenc  cipyttaB  of  a  ydIo#iili  ^OUh' to> 
lottr,haviogTli«fbrttioffodr.siiedtableftt-    '  *" 

5j^.  3.    Sulfbait  cfUrmmwm* . 

SuLnnmic  A6n>,  whether  eoncentratfed  ot'dStttad, 
bat  bdt  little  eftct  opOo  uranium  in  the  mettlfio  ttate  f  • 
By  boiling  the  oadde  obtained  front  nitrate  of  iitairflw 
by  meant  of  heat/ with  a  luflicient  quantity  of  diluted 
sulphuric  acid,  and  tettlng  the  tolution  aside  in  a  warm 
places  Mr  Bucholz  obtained  needle- form  crystals  of  sul- 
phate of  uranium.  As  these  crystals  contained  an  a- 
cess  of  acid,  though  a  portion  of  the  oxide  remained 
undissolved^  Bucholz  redissolved  them  in  water,  added 
a  little  nitric  acid,  and  boiled  'them  to  dryness  over  a 
new  portion  of  oxide  of  uranium.  The  mass  was  dis- 
solved again  in  water,  filtered,  and  set  aside.  After 
some  months  very  small  prismatic  crystals  separated ; 


*  Bucholz,  Gchlen'i  Jtttr,  It.  258.  f  Ibid.  p.  36. 

X  Klaproth,  CreU*t  Ammmh,  i.  130,  Engl.  Tnnil. 
I  Buchols,  Ochlcn*!  /wr.  i>.  36. 
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and  by  continuing  the  evaporation  some  crystals  were    Chafvin. 
obtained  in  the  shape  of  tables.  ' 

The  colotir  of  tHese  crystals  is  lemon  yellow.  They 
diasolre  in  j-ths  of  their  weight  of  cold  water,  and  in 
•^hs  of  their  wdight  of  that  liquid  when  boiling  hot. 
The  solution  has  the  consistency  of  a  syrup,  and  gradu- 
ally yields  regular  crystals  when  subjected  to  spontanea 
ous  evaporation.  Pure  alcohol  at  the  common  tempcf- 
ratnre  of  the  air  dissolves  -r^-th  part,  and  boiling  alcohol 

« 

^th  part  ol  its  weight  of  them.  When  the  tolutiou 
was  exposed  to  the  sun,  its  colour,  at  first  light  yellow; 
became  green,  and  the  whole  of  the  oxide  gradually  pre* 
cipitated,  carrying  along  with  it  a  portion  of  sulphuric 
add.  At&e  same  time  the  smell  of  ether  became  per* 
ceptible  in  the  liquid. 

Whetf  crystallized  sulphate  of  uranium  is  exposed  to 
a  red  heat,  it  loses  14  per  cent*  of  its  weight ;  but  in  a 
white  heat  it  loses  the  whole  of  its  acid  and  water.  The 
rendue,  which  weighs  T^ths  of  the  original  salt,  is  a 
greyish-black  powder,  consisting  of  pure  oxide  of  ura- 
nium. 

This  salt,  according  to  the  experiments  of  Bucholzj 
to  whom  we  are  indebted  for  the  whole  of  the  facts 
above  enumerated,  is  composed  of 

18  acid 

70  oxide 

12  water 
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*  0«iilen*t  /wr.  ir.  1 34. 
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.  ^jt^,  Phoijphoik .acid  fonot  wiUi  ojn^  fif  imi)iimi^|id. 
l)^«ri»b-w^jite  flakes  scarcely  toUuW^  ji§»,Wffpi>^„JJ|| 
sd|t  ngffjr  ^  prcwpittrtcd  Wj  adding  ptjffw^wry  <q4i.» 
t^jjaccMitc  of  unjnium.*.  ■  ,,,. .,  „;  , ,. ./ ; 

5.  ]PliM>rac  td4  dinK>W<i  the  ydlpw.ifgddfb  v4'f"ni 
wi^h  it  cryttaU  w%l»  do  noi  ddispew^.,.  ,,  „.. . ;  ,.  , 
^Mcate.  -,,0.  CoqoeotnUcd  aq^tic  acid  dinolvf^a  pxi^fl^  of  iiou 
-  t^l^qn^il^j  digeidpOifaod  jields  be^dfal  yd^v^ 
la  tjie  foni^:  of-loogi^  slender,  tmqijiireiii^  fbnr^yi^ 
IVfisms  t^^punated  bj  four- sided  igrrrauj^.  .]^^ 
heated;KradaaUjf  the  add  is  decompofed  and  dnveii  «£ 
Imt  t&r  reqpwiog  oside  sdU  retaioi^^jAie  jEp^  ^.4^ 

tnwtt.         ?•  TarUric  acid  forms  with  thf  qa^  of  iiranifyB  a 

salt  scarcely  soluble  in  watqr*        .  ^    -..  ■'  , 
Armiaifr        B  •  When  an  alkaline  arseoiale  is  iff^X  into  nilpmt^  «f 
aranium,  the  arseniate  of  uraniusi ,  jqwciiiitt^a  in  tfit 
state  of  a  yellowish- white  powder. 

9.  and  10.  The  tungstate  and  molybdate  of  oraniom 
fljiay  be  obtained  by  a  similar  procfM.  The  first  is  a 
hrownish-white  powder,  insoluble  in  water :  the  second 
is  whitish-yellow,  and  difficultly  soluble.  , 

Richter  formed  also  the  bora^,  oxalate,  citrate,  ma- 
late,  benzoate,  succinate,  and  sebate  of  uranium  \  but 
the  properties  of  these  salts  have  not  been  described. 

Genus  XXIV.    Salts  of  Tungsten. 

This  genus  of  salts  is  altogether  unknown  ;  the  sctr- 
city  of  tungsten,  and  the  difficulty  of  obtaining  it  in  a 


«  Kiaproth.  Crdl'i  Annalt^  i.  135,  Engl.  Trant).  f  Ibid. 
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Male  of  purity,  having  hitherto  prevented  the  possibili-    Chap.nr. 
ty  of  ■icenipting  to  asceriain  ihe  compoundi  which  tts 
oxidci  are  capable  of  furming  wich  acids.  Indeed  it  has 
not  been  demonstrated  that  the  oxides  of  tungaico  arc 
capable  of  combining  with  acids  and  forming  salts. 

Neither  sulphuric  nor  muriatic  acids  seem  capable 
of  altering  the  metal  ;  but  nitrotDuriatic  acid  allacks  it 
at  a  boiling  heat ;  and  nitrous  gas  is  emitted  *. 


i^, 


GiNDB  XXV.  Salts  of  Titaniuw. 


«  all  that  if  at  present  known  reapecting  this  ge> 
ans  of  salts,  we  are  indebted  to  the  experiments  of  Gre- 
gor,  Klaproth,  Vauqocliti,  and  Hechl.  The  salts  of 
titanium  may  be  distinguished  by  the  following  pro- 
perties : 

1.  They  are  in  general  colourless,  and  in  soiqc  de-    Chinaer» 
gree  soluble  in  water. 

2.  The  alkaline  carbonates  occasion  in  these  solutions 
a  white  flaky  precipitate. 

3.  Triple  prussiate  of  poiash  occasions  ■  grass-green 
precipitate  mixed  with  brown.  When  an  alkaJi  is  dropt 
in  after  the  priissiate,  the  precipiiatc  becomes  purple^ 
thtn  blue,  and  at  last  white. 

4.  Hydrosulphurf  t  of  poiash  occasions  a  dirty  glain- 
grecn  precipitate.  StJphureled  hydrogen  gas  occasion! 
no  precipitate. 

5.  The  infusion  of  nulgalls  occasions  a  very  bulky 
reddish-brown  precipitate.  If  (he  solution  is  concen- 
(rated,  it  assumes  the  appearance  of  curdled  blood. 


3W 


tAtttor 


BDcfca     -:6*  Wbeftm  rod  of  tin  it  pIiing«diolo«  nlotmiof 
t».y^  tilMituD,  the U^M araimd it gi«dcitU^raM^ 

lod  ooloor.  A  rod  of  xioc^  on  the  othe^^had^  •ooMioiM 


Mitntt. 


r. 


Sulphite. 


I  J  .  .■ 


*  ..ni(tfd.ji'.3  f.f  4Mfc(  t 

* 

-!$^.  i;  Mttric  wid  Bm  no  ac^on  oHWMyiii^ o£ 
titaniufSy  too  sctrceij  any  upon  the  metal ;  Dot  it  ou- 
aolyet  the  carboiiate/pKroirided  %'eat  be  a^m  ;'li{itt  UlSt 
solution  yields,  by  evaporation,  transparent  crystals,  in 
the  form^f  elongafe^xhomhs,  hayioj^tii^Oipppfsite  an- 
gles truncated,  so  as  to  represent  siz*sided  tables.  Ac- 
eosding  to  Vaoqotlin  and  Hecht,  Ihis  solnticto  ttnlyatc- 
ootds  when  the  metaLis  oombiafid  wiA  atoininsnm  oi^ 

•Stf  BInristic  add  diiaolvBs.titasiinfla';\biit  ithiaod 
effect  upon  its  red  oxide.  The  carbonate  of  titamott^ ia 
soidil/.  dissoltred  by  Ithia  add;  and;.tha.solotidb,. ac- 
cording to  Klaproth,  yields  transpareol/cobie  orystali| 
According  to  Vauqnelin  and  Hechty.theiiohllion  is  yel- 
low, and  auumes  the  form  of  a  jelly  wl^n  waportted* 
Heat  occasions  the  emission  of  oxymuriatic  add, .  and 
tl^  oxide  predpitates,  and  is  no  longer  soluble  in  mo- 
patic  acid,  unless  it  be  boiled  in  nitric  acid.  Hence 
they  conclude,  that  the  muriate  contains  titanium  com- 
billed  with  a  maximum  of  oxygen,  and  that  the  prot- 
oxide is  incapable  of  uniting  with  muriatic  adcf. 

3.  Boiling  sulphuric  acid  oxidizes  titanium,  and  dis- 
solves a  small  portion  of  it  i  but  on  the  red  oxide  of  ti- 
tanium that  acid  has  no  action  whatever.  It  disioivef 
the  carbonste  of  that  metal  with  effervescence,  occasion- 


•  KUproth*t  'Beiirag*yU%i7,. 
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ed  bj  the  emitrioo  of  carbonie  «cid.     The  aolulioDf    Cbaf^Ul' 
when  evaporated,  is  converted  kito  a>  white  opaque  ge- 
latikioas  nulsa. 

4.  and  5«  -When  the  phosphoric  or  aneoie  acid  it 
dropt  into  the  solution  of  titanium  in  acids,  it  occariooa 
a  white  prectpiuttfi 

6.  When  one  part  of  red  oxide  of  titanium  and  six 
partsof  carbonate  of  potash  are  melted  together  in  a 
crucible,  the  mass,  when  washed  sufficiently  with  wa- 
ter, leaves  a  white  powder,  with  a  slij^ht  red  tinge,  which 
Vanquelin  and  Hecht  have  ascertained  to  be  carbonate 
of  titanium.  According  to  the  experimenta  of  these 
chemists,  it  is  composed  of 

75  white  oxide 
25  carbonic  acid 

100 
7«  and  a.  Oxalic  and  tartaric  acids  likewise  occasion 
a  white  precipitate,  but  it  is  redissolved  again  almost  as 
aoon  as  formed  *•  .  • 

* 
GxKus  XXVL    Salts  of  Columbium, 

The  scarcity  of  this  metal  having  prev^ted  Mr 
Hatchett,  the  discoverer,  from  multiplying  his  experi* 
snents  on  it,  vre  are  not  to  expect- many  facts  respect- 
ing the  combination  of  its  oxides  with  acids.  The  salts 
of  columbium  may  be  distinguished  by  the  following 

properties : 

1.  Their  solutions,  as  far  as  known,  are  transfareni  Charactcfi* 

and  colourless. 


*  Jwr,  di  Mh»  No.  it.  p.  I. 
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V     ^      '   piUte  in  these  tolotiont. 

3.  Triple  pnissiate  of  potash  changes  them  lo  to  o» 
live  green,  and  occasions  a  beaotifol  oUfe^ooloored  fre- 
cipitate% 

4.  Hjdrosulphuret  of  ammonia  occafeiona  a  rcdfisb 
chocolate-coloored  precipitate. 

5.  Tincture  of  nutgalls  throws  down  a  vefj  hi^ 
orange«coloured  precipitate. 

6.  A  rod  of  zinc  throws  down  a  white  flakj  preci« 
pitate. 

Mr  Hatchetty  to  whom  we  are  indebted  for  all  the 
facts  knowtf  belonging  to  this  ^enus  of  saltp,  haa  reft? 
dered  it  probable  that  there  are  several  oxides  of  co« 
lumbium ;  but  nothing  hss  been  ascertained  respecting 
the  particular  oxides  which  combine  with  acids. 

MitfBtc  !•  Nitric  acid  is  incapsble  of  dissolving  the  oxides 

of  oolumbium.  It  seems  to  have  the  property  of  ooo- 
rerting  the  .white  oxide  into  c<Jumbie  acid. 

Muriate.  2.  Boiling  muriatic  acid  dissolves  colambic  acid* 

The  solution  is  colourless,  and  may  be  diluted  with  wa* 
ter  without  any  change  being  produced.  When  the  so- 
lution was  evaporated  to  dryness,  it  left  a  pale  yellow 
substance^  insoluble  in  water,  and  difficultly  soluble  in 
muriatic  acid. 

Sulphate;  3.  Boiling  sulphuric  acid  dissolves  columbic  add, 

^  and  forms  a  transparent  colourless  solution.  When 
largely  diluted  with  water,  this  solution  becomes  milky^ 
snd  deposites  a  white  precipitate.  When  allowed  to 
dfy,  this  precipitate  cracks,  and  becomes  at  first  laven* 
der-blue,  and  afterwards  brownish  grey.  It  is  a  sub- 
sulphate  of  columbium,  and  in  a  boiling  temperature  is 
slightly  soluble  in  muriatic  acid  and  in  potash  ley. 


CtRlVll. 

Thie  diluted  snlphttric  acid  solution  stiil  ivtains  ftsuper* 
solphate  of  colaminuin. 

4*  When  phosfdioric  acid  is  added  to  the  concentra*  Pho^hatc 
led  solotion  of  oolumhiam  ia  siiljpburic  acid,  the  whole 
assumes  the  form  of  an  opaque,  whitei  stiff  jellj  iiiio- 
loUe  it  water.    From  muriate  of  cohmibium  phospfao- 
ric  acid  throws  ddwn  a  white  floccnlent  powder* 

5*  Acetic  add  has  06  effect  on  columbic  acid  *• 

ff 

iCxMOs* XXVIL    Salts  of  CEaitm. . 

For  all  the  facts  respecting  this  genus  of  salts  at  pre- 
sent known,  we  are  indebted  to  the  labours  of  Klap* 
roth,  Hisinger  and  Berztlius,  and  Vauquelin.  The  sa]|| 
of  cerium  possess  the  following  properties  : 

1.  They  are  either  white  or  yellow  coloured,  accord-  Chsrsctcrti 
ing  to  the  state  of  oxidizement  of  the  oxide. 

2.  Their  solutions  in  water  have  a  sweet  taste. 

3.  Hydrosulphuret  of.  potash  occasions  only  a  whit^ 
precipitate  consisting  of  the  oxide  of  cerium.  Sulphu-y 
reted  hydrogen  occasions  no  precipitate* 

4*  Prussiate  of  potash  occasions  a  milk-white  pre- 
cipitate, soluble  in  nitric  and  muriatic  acids. 

5.  Gallic  acid  and  the  infusion  of  nutgalls  occasion  no 
precipitate. 

6.  The  oxalate  of  ammonia  occasions  a  white  preci- 
pitate, which  is  inso)ut>le  in  nitric  and  muriatic  acids. 

Sp.  1.     Nitrated  Cerium. 
Nitric  acid  unites  with  both  the  oxides  of  cerium. 


•  Hatchctt  on  «•  A  Mineral  Substance  from  North  America.*'   Pb'tf 

Tram  I,  |802. 
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DhuL^OL  ^^  ^^  white  odde  it  comhinai  flMWt  wmiify,  9§poi 
ciallj  when  that  oxide  it  in  the  itiile  nf  s  cubonta. 
The  tdotion  is  colourleM,  cryttaUiaes  with  dittevhy, 
ftteint  an  excess  of  acid|  and  has  an  aostaio  and  aifiei 


The  red  oxide  dissolTes  with  difieiltj  in  eoU  n^A 
acid,  bnt  readil  j  when  the  action  of  the  aoid  ia  piOBio- 
tedbyheat.  The  sohition  is  ydlow  i  and  whan  it  can* 
tains  an  excess  of  acid,  it  yields  sasall  while  erjstab^ 
which  deliquesce  when  exposed  to  the  air.  The  sato- 
rated  solution  does  not  crTStallise. 

Both  the  nitrate  and  oxynitrate  of  oerinm  are  aolnhfe 
in  aloohdl.  Heat  decomposes  thenip  leairing  n  red-co- 
loured  oxide  *•  * 

FaoM  an  experiment  of  Vanqndin,  it  doet  not  ap- 
pear that  the  peroxide  of  oerinm  is  capaUo  of  combi- 
ning with  hyperoxymnriatic  add.  He  caused  a  cument 
of  oxymuriatic  arid  gas  to  pus  tbroogh  water  into 
which  the  oxide  of  cerium  had  been  put.  A  very 
small  portion  only  of  the  oxide  was  dissolTcd.  When 
precipitated  by  ammonia  it  was  still  in  the  state  of  white 
oxide.  In  all  probability  it  was  kept  in  solution  by 
common  muriatic  aridf. 

Sp.  3.     Muriate  of  Cmtm. 

Whek  red  oxide  of  cerium  is  treated  with  muriatic 
aridy  a  considerable  effervescence  is  produced,  and  oxy- 


•  Hiilnger  and  Bersdiut,  Gehlen's  Jomr.  il  409.     VioipeliD,  ^m. 
deClim,  liv.  51. 

}  Ann.  dt  dim,  !iv.  54. 
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niUiiatic  acid  gas  escapes.  The  solution  obtained  is  a  Chap.llL 
yellowish  red,  and  the  shade  is  the  lighter  the  longer 
the  liquid  has  boiled.  By  concentration  and  cooling, 
small  four-sided  prismatic  crystals  are  deposited  of  a 
yellowish  white  colour.  Tht;y  are  soluble  in  alcohol, 
and  deliquesce  when  exposed  to  the  air.  Their  taste 
is  astringent  lind  sweet.  When  the  oxjrmuriate  of  ce- 
rium,  thus  formed,  is  exposed  to  heat^  it  is  completely 
decomposed.  The  wAter  of  crystallisation  and  excess 
of  acid  pass  over  first,  and  then  oxymuriatic  acid  ;  the 
residue  is  a  white  oxide*  difficultly  soluble  in  acids.  If 
iron  be  present  it  is  volatilized  in  the  state  of  muriate. 

If  too  strong  a  heat  has  not  been  applied,  a  portioA  of 
the  salt  remains  undecomposed.  It  is  white,  and  forms 
a  colourless  solution  in  water,  being  in  reality  a  muriate 
of  cerium*. 

Sp*  4.     Sulphate  of  Cerium. 

SuiPHUltfC  ACit)  dissolves  the  red  oxide  of  cerium 
^ith  difficulty.  By  digesting  the  oxide  in  diluted  a« 
cid  for  a  sufficient  length  of  time,  a  solution  may  be  ob* 
tained.  It  is  of  an  orange  colour,  and  yields  by  eva- 
poration small  octahedral  and  needle-form  crystals  of 
oxysulphate  of  cerium.  Their  colour  is  partly  lemon 
yellow,  partly  orang*;.  The  salt  thus  obtained  is  not 
soluble  in  water,  except  by  means  of  an  excess  of  acid. 
Then  its  taste  is  acid  and  sweet.  When  the 'crystals  are 
exposed  to  the  air,  they  soon  fall  into  a  yellow  powder. 

Sulphuric  acid  combines  very  readily  with  the  white 


*  Kbproth,  Gel.lcii*s  Jour.  ii.  31a.     HiuDger  and  Bertelius,  \hv\. 
Vaaqadto,  jIm*  ic  QUm.  liv.  5  4. 
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UMaiiL  ^^  ^^  oeriom,  etpe€t»Uj  when  it  is  in  the  stale  eft 
ctrbonate.  The  sohitioD  is  oolonrlen^  hu  s  sweet  tefti^ 
and  readily  jields  crystsls  of  sulphate  of  eeriom.  Whca 
oxjsiilphate  of  cerium  is  tieated  with  murimtio  acSdp 
ozymnriatic  acid  gas  is  disengaged ;  the  salt  loses  its  eo- 
lour,  sod  is  concerted  into  sulphate  of  eerinm«  A  ae- 
derate  heat  disengages  oxygen,  and  prodneea  the  asas 
change  *• 

Sp.  5.    Sulfitki  of  drwm. 

SuLPHuaous  ACID  dissolves  the  red  osde  of  eerinsB^ 
and  the  solution  yields  by  evaporation  crystals  of  a  psk 
aeiethysl  colour  f. 

Sp.  0.     Pbosphaii  ofCermm. 

When  a  mixture  of  oxide  of  cerium  and  phespheric 
acid  is  digested  in  water,  a  white  insoluble  powder  it 
obtained,  which  is  phosphate  of  cerium*  The  same 
powder  is  thrown  down  when  the  solutions  of  cerium 
are  mixed  with  phosphate  of  soda.  It  is  soluble  in  ni* 
trie  and  muriatic  acids  {. 

Sp.  7*     Carbonati  of  Cerium. 

Carbonic  acid  combines  readily  with  tlie  white 
oxide  of  cerium.  The  easiest  way  of  forming  the  car* 
bonate  is  to  precipitate  white  oxide  of  cerium  from  its 
solution  by  means  of  an  alkaline  carbonate.  The  pre* 
cipiute  is  granular^  of  a  silvery  whiteness,  and  insolu- 
ble in  water  acidulated  with  carbonic  acid.      Acoord- 


*  Klaproth,  Hisinger  and  Berzeliiti,  Vau^elin. 

f  KUprothi  Geblen*s  Jwr.  ii.  312.       |  Kbpratk,  Hjiiiigcr»  Boraclliit. 
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P 

iDg  to  the  analytb  of  Klaproth,  carbonate  of  cerinni  it  .^^  1P> 
compoaed  of. • •  .23  acid 

415  oxide ' 

12  water 

100 
This  salt  maj  be  formed  bj  causing  a  current  of  car* 

bonic  acid  gas  to  pass  through  water  having  the  oxide 
of  cerium  suspended  in  it.  So  great  indeed  is  the  avi- 
dity of  this  oxide  £or  carbonic  acid  that  it  absorbs  it 
even  from  the  air  *• 

Sp.  8.     Acitrnte  of  drmmm 

Acetic  acid  readily  dissolves  the  oxide  of  cerittm^ 
newly  precipitated  by  means  of  alkalies.  The  sofai« 
tion,  when  saturated,  has  a  sweet  taste,  and  yields  by 
evaporation  small  granulated  crystals ;  readily  soluble 
in  water,  but  sparingly  soluble  in  alcohol,  and  not  al« 
tered  by  exposure  to  the  airf . 

Sp.  0.     Succinate  of  Cerium, 

When  a  few  drops  of  succinate  of  ammonia  are  pour- 
ed into  muriate  or  nitrate  of  cerium,  a  precipitate  is 
formed  which  soon  disappears.  When  more  of  the  re- 
agent is  added,  the  succinate  of  cerium  is  separated  in 
the  state  of  a  white  powder.  This  salt  is  not  wholly 
inaolttble  in  water,  as  a  small  portion  still  remains  in 
solution.  Succinate  of  ammonia  does  not  predpitato 
cerium  from  the  acetate*  This  furnishes  us  with  a 
ready  means  of  separating  iron  from  cerium  when  they 
happen  to  be  mixed  %• 


*  KUproth,  HiNnger  lod  Bcrseliiit,  VtoqudiiL 

t  Hisioger  and  Bersdioi,  Oehle&'t  Jhut,  iu  4x4.  t  Ib>^ 


950  8A&TI  OF 

Book  II. 

Divifioiilll.  Sfi.  10.     Bens&oait  of  Cihrnm. 

Benzoic  acid  occtiions  n^  precipitate  in  mariate  of 
cerium  ;  but  when  it  is  digested  on  recently  precipita* 
ted  oxide  of  cerium,  a  solution  takes  place.  On  cooling, 
the  liquid  first  lets  fall  crystals  of  benzoic  acid^  then 
the  benzoate  of  cerium  falls  in  the  state  ot  m  white  in* 
soluble  powder*. 

Sp.  11.     Oxalate  of  Cerium. 

Oxalic  acid  and  oxalate  of  ammonia  precipitate  ce- 
rium from  its  solutions*  The  precipitate,  with  the  per- 
oxide, is  red  \  with  the  protoxide,  white.  An  ezoeis  of 
acid  does  not  redissolve  it ;  but  ammonia  readily  eC 
fects  its  solution,  giving  it  a  yellow  colour  f* 

Sp*  12.     Tartrate  of  Cerium* 

When  tartaric  acid  is  digested  upon  recently  pnci- 
pitated  oxide  of  cerium,  it  forms  a  salt  readily  soluble 
in  water,  in  consequence  of  the  excess  of  acid  which  it 
contains.  When  the  s<4ution  is  mixed  with  m  great 
quantity  of  water,  white  insoluble  flakes  of  tartrate  of 
cerium  are  precipitated.  Tartaric  add  occamns  bo 
precipitate  in  the  sulphate,  nitrate,  or  lAortate  of  ceri- 
um ;  but  tartrate  of  potash  throws  down  the  tartrate 
of  cerium  in  the  sute  of  a  white  powder.  It  is  aofi, 
light,  tasteless,  and  insoluble  in  water.  It  is  solnble  xn 
nitric,  muriatic,  and  sulphuric  acids,  and  in  pure  alka- 
lies t 


*  liiningcr  and  Bcrzcliui,  Gchlen's  Jbur*  ii.  4x3.  f  U.  IWd. 

\  HJiingcr  and  Bcrzeltoi,  Vtuquclin* 
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Spf  l^*     Citrate  of  Cerium^ 

Muriate  of  cerium  is  not  precipitateid  bj  citric  acid* 
Bj  digesting  the  acid  on  recently  precipitated  oxide,  an 
insoluble  compound  is  formed,  which  is  rendered  solu- 
ble bj  an  excess  of  acid.  The  solution  does  not  crjs* 
:allize.  Alcohol  deprives  it  of  its  water  and  of  part  of 
its  acid,  but  does  not  dissolve  it*. 

^.  14*     Arsetdate  of  Cerium. 

Ai^scNic  ACID  does  not  oocast^n  n  ptetipiute  when 
iiopt  into  muriate  of  cerium.  When  digested  widi 
u(tde  of  cerium,  an  insoluble  compound  is  obtained, 
^hkh  may  be  rendered  soluble  by  adding  an  excess  af 
icid.  The  solution  does  not  crystalline ;  when  evapb* 
'ated»  it  depoiites  insoluble  araeoiate,  and  the  residue 
hies  into  a  gelatinous  colourless  mass  f* 

Sp.  15.     Molyhdate  of  Cerium. 

MoLTBDATE  of  ammonia  occasions  no  precipitate  in 
he  aapersalts  of  cerium ;  but  from  the  neutral  solutions 
Lt  precipitates  molybdate  of  cerium  in  the  form  of  a 
irhite  salt  not  soluble  in  acids  %- 

Sp.  16.     Sulphate  of  fotash^anJU Cerium* 

When  supersulphate  or  superoxysulphate  of  cerium 
A  decomposed  by  potash,  a  triple  salt  is  deposited,  white 
tvith  the  first,  and  yellow  with  the  second  salt.  Thi$ 
triple  salt  melts  when  heated.     Nitric  acid  dissolves 


*  Hitinger  and  ficr zelius,  Geblea*8  /wr.  ii.  413.  f  Id.  Ib^d 

t  Id.  ibid. 
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and  decomposes  it.  The  same  tripk  tdt  is  deposited 
when  muriate  of  cerium  is  poured  into  a  soIatioQ  of 
anlphate  of  potash  *• 


SECT.  IIL 


REMAaKS  OK  THE  SALTS. 


Such  are  the  properties  of  all  the  salts  which  have 
been  hitherto  examined  hj  chemists,  and  which  amouat 
to  about  six  hundred.  Great  as  this  number  is,  it  csa- 
not  be  doubted  that  the  dass  of  salts  will  be  consider- 
ably increased  hereafter. 

Of  these  bodies,  there  are  some,  as  alum,  copperas, 
""^  &c.  which  constitute  the  basis  of  different  arts  and  ms- 
nufactures,  and  which  therefore  are  of  sufficient  im- 
portance to  deserve  an  accurate  examination  even  oo 
their  own  account.  Others,  again,  are  the  source  from 
which  chemists  obtain  many  of  the  most  valuable  of 
their  instruments  of  analysis ;  as  nitre,  common  salt, 
phosphate  of  lime,  sal  ammoniac,  sulphate  of  barytes, 
&c.  and  therefore  naturaUy  claim  the  particular  atten- 
tion of  all  those  who  cultivate  the  science.  But  it  must 
be  allowed,  that  by  far  the  greater  number  of  saline  bo- 
dies are  at  present  of  no  apparent  use  whatever,  either 
in  the  arts  or  in  chemistry.  At  first  sight  it  may  appear 
a  very  useless  piece  of  labour  to  be  at  the  the  trouble  of 
examining  and  describing  these :  but  there  are  several 


*  Hisingcr  and  Berseliut,  GchlenS  Jovr.  v.  41;^. 
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Tvasons  which  render  a  preciae  knowledge  of  all  ihe     Chap-  ni. 
Bftlts  not  only  propel  but  even  necessary. 

Were  we  to  limit  ourselves  lo  tlie  examination  of 
those  things  wliose  usefulness  is  already  known,  there 
would  bean  end  of  all  improvement.  Every  ihing  must 
be  useless,  as  far  as  regards  us,  till  ila  properties  be 
known,  and  the  purposes  to  which  it  may  be  applied 
iuceriained.  Many  of  those  sails  which  we  at  present 
consider  as  of  no  utility,  may  hereafter  be  found  of  the 
greatest  consequence,  when  their  properties  liave  been 
more  completely  investigated.  This  remark  has  been 
■verified  more  than  once  within  these  few  years.  The 
muriate  of  lime,  for  instance,  was  formerly  thrown  away, 
bat  is  now  applied  with  greai  advantage  To  produce  ar- 
tificial cold  4  and  the  oxymuriaies,  though  a  new  class 
of  sails,  constitute  an  essential  ingredient  in  the  process 
of  bleaching.  Want  of  utility  therefore  is  but  a  mea- 
gre  reason  for  neglecting  the  examination  of  the  sails, 
unless  it  could  be  demonstrated  a/rjon'  that  they  never 
caji  be  applied  to  any  use. 

But  were  we  even  cenain  that  this  were  the  case, 
still  ibe  examination  of  a  great  number  of  these  sails 
would  be  indispensible  ;  For  those  salts  which  are  the 
most  useful  are  seldom  or  never  found  in  a  stale  of  pu- 
rity ;  they  arc  constantly  mixed  and  contaminated  with 
«ther  salts,  from  which  it  is  necessary  to  free  them  be- 
fore they  will  answer  the  purposes  to  which  they  arc 
usually  applied.  Now  these  foreign  salts  cannot  be  se- 
parated unless  we  be  acquainted  tvith  them,  at  least  suf- 
iicieniiy  to  know  the  effect  of  different  agents  upon 
ibem  i  that  is,  unless  we  be  acquainted  with  their  pro- 
perties. Thus  we  see  that  it  is  not  possible  to  obtain 
those  salts  which  are  really  useful,  without  at  the  same 


^ook  IL  time  knowing  the  nature  of  manr  saltit whioh  hftve  bea 
applied  to  no  use.  Thus  comiDon  salt  u  always  aunt 
vith  muriate  of  magnesiay  and  cannot  be  obtained  qd- 
less  we  understand  the  method  of  separaling  or  deoon- 

posing  that  salt* 

But  it  is  not  strictly  true  that  manj  of  tbc  aalls  are 
altogether  useless.  It  maj  be  affirmed^  wiib  the  gictt- 
eat  tiuin,  that,  even  at  present,  there  is  not  one  ainoag 
them,  the  knowledge  of  whose  propt rtiea  is  not  of  aone 
advantage.  Oue  of  the  most  important  and  diiGcok 
things  in  chemistry  is  to  aseertain  exactly  the  natnre 
and  composition  of  different  bodies.  Now  this  can  on- 
ly be  done  by  observing  the  changes  prodttocd  npoa 
them  by  other  bodies,  and  the  compounds  which  they 
are  capable  of  forming.  Thus  if,  on  exaouoing  m  tub- 
stance,  I  find,  that  when  combined  with  sulphuric  acid, 
it  forms  a  heavy  insohible  white  powder  ;  with  muria- 
tic acid,  a  very  soluble  salt,  which  crystallixes  in  tables, 
and  is  insoluble  in  alcohol ;  with  phosphoric  and  oza- 
lie  acid  likewise  an  insoluble  powder,  &.c,—- 1  conclude, 
without  hesitation,  that  it  is  barytes.  A  substance 
which  dissolves  in  sulphuric  acid,  and  forms  a  salt  of  a 
blue  colour,  crystallized  in  rhomboidal  prisms,  of  an 
acrid  taste  and  caustic,  which  forms  with  muriatic  acid 
a  green  salt,  which  becomes  blue  when  mixed  with  am- 
monia, and  which  when  mixed  with  alkalies  occasions 
a  blue  or  green  precipitate— -I  conclude  to  be  copper. 
Thus  it  is  the  knowledge  of  the  salts  which  the  diffe- 
rent alkalies,  earths,  metals,  and  acids  are  capable  of 
forming,  which  enables  us  to  discover  their  presence 
when  they  enter  as  ingredients  into  different  compounds. 
Here,  then,  is  a  reason  for  studying  the  properties  of 
the  suits,  independent  of  their  utility  as  individual  bo- 
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dieg ;  tnd  it  vmf  be  tffinned  with  trvth,  that  cbemicd   .^^  f^ 
skill  is  in  everj  cate  proportional  to  the  extent  of  this  -' 

knowledge. 

The  great  number  of  saline  bodies  renders  it  a  diffi« 
cull  task  to  remember  the  prbperties  of  each.  Indeed 
the  thing  would  be  impossible,  were  it  not  that  the  salts 
nataraUj  arrange  themselves  into  certain  groups;  the 
indivfd«a)a  belonging  to  which  all  agree  in  certain  ge* 
neral  properties  which  n^wf  be  remem]>ercd  with  fttcu 
Mtjr ;  and  after  thcM  general  preperties  hare  indicated 
the  group  to  which  a  given  sab  belongs,  it  is  nmch  ea> 
sier  to  ascertain  the  species. 

The  saks  may  be  divided  comvententl v  into  two  clas-   Saks  divi. 
sies^  voder  one  or  other  of  which  every  salt  is  to  be   ^'^  '"^ 


two 
placed.    Thesr  two  classes  constitute  the  two  first  Sec* 

tiona  of  this  Cbapeer.     The  first  class  comprehends  un* 

der  it  all  the  eardij  and  alkaline  salts  i  the  second  clsii 

all  the  metalline  salu. 

The  first  class  may  be  distinguished  by  the  fi^w.   Fir«t  daa. 

ing  characters:  The  salts  belonging  to  it  are  either, 

i«  Soluble  in  water ;  and  in  that  case  the  solution  is 

not  precipitated  by  hydrosulphuret  of  potash  *,  triple 

^ussiate  of  potash  f,  or  infusion  of  nutgalls  % :  or,  2. 

Insoluble  in  water ;  and  in  that  case  they  are  either  so-> 

hible  in  muriatic  acid,  or  become  so  when  heated  to  red* 

ness,  or  fused  with  carbonate  of  potash  ;  and  the  solo* 

tion  yields  a  precipitate  when  sulphuric  acid  is  added, 

or  if  not,  at  least  when  potash  is  added.     The  insoluble 


*  Excq>t  ttUs  with  base  of  alamina  or  lircohia. 

t  Except  tdts  with  bate  of  yttrit  or  sirconia. 

I  Except  Kilti  with  bate  of  yttria,  ghidiia*  or  sircooia. 
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Boojk  II.    igltt  afford  with,  borax,  bcfoK  the  blowpipe,  •  white 
*  glass  or  enamel. 

DiTidcd  in-       As  the  salts  belonging  to  this  dass  are  vtrj  nimie- 
^raT  tovLif  it  has  been  div^ided  into  two  orders.     The  nhs 

belonging  to  the  first  order  are  incombastihle  when  sod- 
denlj  heated  to  redness  * ;  those  belonging  to  the  second 
order  contain  combustible  acids,  and  when  aoddaidj 
heated  either  bum  partially,  leaving  incombustible  salts 
behind  them,  or  the  acid  is  totally  decomposed  and  dri- 
ven off,  leaving  the  base  mixed  with  charcoal.  Th0 
first  order  contains  14  genera,  the  second  oootains  18. 
The  characters  bj  which  each  of  these  genera  may  be 
distinguished  have  been  given  in  the  first  Section  of  this 
Chapter,  and  need  not  be  repeated  here.  Having  found 
the  genus  to  which  any  salt  belongs,  the  species  is  to 
be  ascertained  by  a  careful  examination  of  the  proper- 
ties described  as  belonging  to  each.  But  the  investiga- 
tion will  be  much  facilitated  by  attending  to  the  fol- 
lowing observations : 

1.  The  species  may  be  distinguished  into  two  kinds) 
those  whose  base  is  an  alkali^  and  those  which  have  an 
earthy  base. 

2.  The  alkaline  salts  are  all  soluble  in  water.  Pot« 
ash  occasions  no  precipitate  of  a  white  powder  when 
added  to  the  solution  j  neither  does  oxalic  acid  occasion 
any  precipitate. 

3.  The  salts  with  an  ammoniacal  base  are  all  either 
dissipated  entirely,  or  converted  into  an  acid  when  ex* 
posed  to  a  red  heat. 

4.  Many  of  the  earthy  salts  are  insoluble  in  water ; 


*  Except  nitrate  of  ammonia  aod  hyperoxymuriate  of  ammonia. 
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%  white  powder  is  precipitated  from  the  soluble  salts  ^Ch»^  Ui- 
either  bj  the  addition  of  potash  or  of  sulphuric  acid. 

5.  The  salts  whose  base  is  barjtes  are  all  *  insoluble 
iQ  water,  or  neiarlj  so,  except  five;  namely,  the  nitrate, 
muriate,  acetate,  benzoate,  and  prussiate ;  from  the  so- 
lutions of  these,  sulphuric  acid  or  sulphate  of  soda 
throws  down  a  white  heavy  insoluble  precipitate. 

6.  All  salts  whose  base  is  strontian  are  nearly  infk>^ 
lable  in  water,  as  far  as  they  have  been  examined,  ex- 
cept  six ;  namely,  nitrate,  muriate,  hyperoxymuriate, 
acetate,  tartrate,  and  citrate.  These  also  yield  an  inso- 
luble white  powder  with  sulphuric  acid.  But  the  alka- 
lies occasion  no  precipitate  either  in  the  solutions  of 
barytic  or  strontian  salts. 

7*  All  salts  whose  base  is  lime  are  very  sparingly 
soluble  in  water  except  eight ;  namely,  nitrate,  muriate, 
hyperoxymuriate,  arseniate,  acetate,  malate,  benzoate, 
and  prussiate.  The  lime  is  precipitated  from  these  so- 
lutions by  oxalic  acid,  fixed  alkalies,  and  by  sulphuric 
acid  if  the  solution  be  concentrated,  but  not  by  ammo- 
nia. 

8.  The  magnesian  salts  are  all  soluble  in  water  ex- 
•  cept  seven ;  namely,  phosphite,  fluate,  carbonate,  oxa- 
late, tartrate,  saccolate,  and  camphorate.  Their  solu- 
tion yields  a  white  precipitate  with  ammonia,  which 
disappears  by  adding  ammonia  in  excess,  provided  there 
be  an  excess  of  acid  present.  This  precipitate  forms 
with  sulphuric  acid  a  very  soluble  bitter  salt. 

9.  The  alkaline  earths  form  with  acids  a  greater 


*  Four  of  them  are  still  noknown;  namely,  the  molybdate,  chrmnate. 
gallate,  and  sebate. 
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Bo^  n.  nntnber  of  salts  saloble  in  w«ter  itt  prepwrti#tt  M  ^  d. 
^  kaline  properties  of  the  earth  dimimah*  Bafjtea  finvtt 
salts,  the  greater  number  of  which  are  iatolaUe ;  aCrqiu 
tian  seems  to  form  a  greater  numbcnr  of  aolttble  salts 
thanbarjtes;  lime  forms  a  stiU  greater  iiaaibcrs  fttid 
almost  the  whole  of  the  magnesian  sails  are  iolnble  ia 
water. 

10.  Six  of  the  aluminous  salts  are  insohible  in  watery 
namely^  sulphite,  phosphate*  borate,  arseaiate^  tangsiafei 
and  saceolate.  The  aluminous  salts  are  all  depdvtd  dC 
their  add  bj  heat.  With  potash  thej  jrield  a  precipi- 
tale  which  dissolves  in  sulphuric  add ;  aad  when  sal« 
phate  of  potash  is  added  to  the  solution,  erjstals  of  alma 
are  gradually  obtained.  The  aluminous  salts  let  fidl  a 
precipitate  when  hydrosulphuret  of  potash  is  drop!  into 
their  solution,  and  at  the  same  tiose  sulphureted  hjdnK 
ges  gas  is  exhaled. 

11.  The  salts  of  jttria  are  decomposed  bj  heat  and 
bj  alkalies ;  thej  have  a  sweetish  astringent  taste ;  tri* 
pie  prussiate  of  potash  and  infusion  of  nutgalls  occasion 
a  precipitate  when  poured  into  their  solutions.  The 
succinate  of  potash  occasions  no  predpitate^ 

12.  The  salts  of  gludna  are  decomposed  by  heat  and 
by  alkalies ;  they  have  a  sweetish  taste.  The  predpi- 
tate  separated  from  them  by  alkalies,  redissolved  in  ni- 
tric or  muriatic  acid,  is  again  precipitated  by  the  infn* 
Bion  of  nutgalls,  but  not  by  triple  prussiate  of  potash. 
It  is  precipitated  also  by  succinate  of  potash. 

19.  The  zirconian  salts  have  an  austere  taste  :  they 
are  decomposed  by  heat  and  by  alkalies.  The  precipi« 
tate  separated  from  them  by  these  last  bodies,  when  re- 
dissolved  in  muriatic  acid,  is  precipitated  by  bydrosul- 
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potash,  criple  prttssiate  of  potash,  and  by  the    Ctop>  m. 
fnutgalls. 

::ond  class  of  salts,  the  metalline,  may  be  dis-  Second 
1  by  the  following  propcrtier:  The  salts  be-  '****' 
)  it  are  either,  1.  Soluble  in  water ;  in  which 
'  afford  a  precipitate  with  hydrosnlphnret  of 
iple  prussiate  of  potash  *,  and  the  infusion  of 
' :  or,  2.  Insoluble  in  water ;  in  which  case, 
td  with  borax  by  the  bloW-pipe  upon  charcoal^ 
sr  afford  a  button  of  metal,  or  form  with  the 
coloured  glass. 

Jass  might  with  propriety  etKmgh  be  divided  Hmded  iii% 
orders.     The  first  ordtr  would  comprehend  ders. 
lera,  the  salts  belonging  to  which  are  cryiftalli- 
d  permanent,  indicating  a  marked  affinity  be- 
t  acid  and  base;  the  second ^order  would  con- 
ose  salts  which  want  penttahency,  and  indicate 
eak  afiinity  between  the  acid  and  base.     The 
r  would  consist  of  11  genera ;  namely^ 
i  of  gold  10.  Salts  of  nickel 

.•••  platinum  11*  •••••••«•  lead 

....  silver  12 zinc 

.•••  mercury  13 cofaitlt 

••••  palladium  14.  ••• manganese 

.•••  rhodium  IS.  ••• uranium 

....  iridium  1<5» titanium 

•  ••.  copper  17.  .•••.•...  cerium 

•  •..  iron 

ond  order  would  consist  of  10  genera  ;  namely, 
s  of  osmium  2.  Salts  of  tin 


^ 


■*■"        1 


pt  talti  of  gold,  platinam,  aotimony,  and  teUunmiL 

>c  salt*  of  placinuin.jKiiic,  ar^nic,  manganeae,  and  ceriom. 


V 
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^??^  '1:.     3.  Salts  of  bitmuth  7.  Sdti  of  tmgilen 

-v^-^     4*  ••••••  antimonj         8.  ••••••  moiybdeai 

5«  ••••••  tellurium         9 •  •  duomiiim 

0 •  arteoic  10 colttmbina 

The  genera  wmj  be  recogniied  wiibont  mncli  dilL 
cttltj  hj  the  characters  ghren  in  the  aeoond  SectiiMi  ef 
this  Chapter.  As  the  species  are  vtxj  nnnwroM^  it 
greatlj  facilitates  investigation  to  snbdiYide  Ummd  inls 
sets.  This  accordinglj  has  beep  done  in  the  donriflian 
of  the  genera^  whenever  the  state  of  our  knowledge  tm» 
dered  it  practicable.  These  sabdivisiooa  are  the  ite 
fikliowing :  1.  Detonating  sabs.  These  detonate  when 
heated  with  a  combustible,  and  generiUj  also  when 
wrapt  in  a  paper  with  a  little  phoapbomsy  and  stmsk 
smartlj  with  a  hammer.  The  acids  in  these  aalts  am 
th^  nitric  and  hyperoigrmnriatic  2*  Inoomboatibla 
salts.  These  often  lose  their  add  or  a  part  of  it  what 
heated ;  bnt  thej  do  not  bum,  nor  are  thej  capabk  of 
setting  fire  to  combustibles.  The  acids  in  these  saka 
are  the  muriatic,  sulphuric,  sulphurous,  phosphoric^ 
phosphorous,  carbonic,  fluoric,  boracic*  The  phos- 
phates and  borates  are  not  decomposed  bj  heat,  but 
melt  readilj  into  a  glass.  Those  sulphates  that  are  ao- 
lublc  in  water  lose  a  great  portion  of  their  add  in  a 
strong  heat ;  but  the  insoluble  sulphates  scarceljr  lose 
an  J,  unless  the  base  be  volatile.  The  muriates  are  rea* 
dily  volatilized  wh^n  stronglj  heated.  The  sulphites 
and  phosphites  are  converted  bj  beat  partly  to  sniU 
phates  and  phosphates,  and  partly  to  sulphucets  and 
phosphurets.  The  carbonates  are  decomposed  bj  heat. 
The  fluates  undergo  a  partial  decomposition,  and  usu- 
ally melt  into  a  glass.      3.  Combustible  salts.     These 
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contain  the  combustible  acids.  When  heated,  thej  are  Chap.  nL 
decomposed ;  the  base,  usually  contaminated  with  char- 
coal, and  partially  reduced  to  the  metallic  state,  remains 
behind.  Most  of  these  salts  are  but  imperfectly  known. 
4*  Metallic  salts.  These  contain  both  a  metallic  base 
and  add.  They  are  all  insoluble  in  water  and  alcohol, 
and  seldom  or  never  completely  decomposed  by  heat. 
They  often  exist  native.  The  analysis  of  them  is  usu- 
ally difficult.  5.  Triple  salts.  They  contain,  besides  a 
metallic  base,  an  alkali  or  earth.  They  are  very  no- 
merous,  though  but  imperfectly  examined.  In  general, 
it  may  be  laid  down  as  a  rule,  that  all  metallic  oxides 
aohible  in  alkalies  are  capable  of  forming  triple  salts 
with  these  alkalies  and  acids.  The  metallic  triple  salts 
claim  peculiar  attention  on  another  account.  Alkalies 
or  earths  are  seldom  capable  of  throwing  down  their 
metallic  base*  Unless,  then,  we  be  acquainted  with  aU 
the  triple  salts  that  are  liable  to  be  formed,  we  must  be 
very  apt  to  ftdl  into  mistakes  when  these  salts  happen 
to  occur  in  the  course  of  our  analysis. 

The  species  in  the  different  metallic  genera  may  be 
distinguished  from  each  other  by  the  properties  of  the 
difierent  acids  which  form  them  ;  and  these  properties 
have  been  enumerated  in  the  first  Section  as  the  charac- 
teristic marks  of  the  genera  of  earthy  and  metallic  salts. 

The  following  Table,  which  gives  a  synoptical  view 
of  the  properties  of  the  most  important  salts,  will  add 
considerably  to  the  facility  of  distinguishing  the  diffe- 

* 

rent  species. 
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CHAT.  IV. 


OF  HYDROSULPHURETS^ 


^flSS^  SotrauRSTiED  vTWOMir  CUM  pQ»i»sies  the  pi0pMief 
y^^  of  tn  acid.  It  it  alworbed  br  water  in  oonitdcrabk 
qaaotitiesp  and  the  aolutioa  leddcnt  nvgetaUe  bluft  i  il 
comkiftei  alto  with  alkaliei  and  earthy  and  with  aerenl 
letalKf  oxxdes#  The  greater  niMiber  of  thcae  pnopir* 
#ft  were  firti  pointed  out  with  prectaioi|^  !^  Mr  K}r- 

■D  y*  oQc  me^  were  aiiei  waxvi  imicn  luute  lutrr  ^wo* 
loped  bj  Berthollet*'^ 

Liquid  tulphureted  hydrogen^  or  tulpbureted  lijdio* 
gen  gas  dissolved  in  water,  is  not  dtcooiposed  bj  ea^o- 
^aure  to  the  air,  but  the  gas  gradoally  separates  with- 
out  decomposition.  When  sulphurous  acid  is  nsised 
with  this  solution^  both  the  sulphureted  hjdrogeo  iind 
the  acid  are  in  a  great  measure  decomposed  ;•  the  hy- 
drogen of  the  one  combines  widi  the  oxygen  of  the 
other,  and  forms  vater  ^r  while  the  sulphur  of  both  is 
precipitated,  as  was  first  observed  bj  Fauroroj^  and 
more  Cull  j  ascertained  by  Benhollet*  Nitric  acid  pro>* 
duces  the  same  effect  unless  it  be  too  much  diluted  with 
water.      Hence   the  reason  that   sulphur  precipitates- 


•  See  Vol.  I.  of  this  Work,  p.  S^ 
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I      whco  that  acid  is  mixed  with  wai«r  holding  sulplmret-     Chap.  TV.^ 
'      ed  hydrogm  in  solution,  st  Bcrgmin   first  observed. 
I      Ox^morialic  add  likewise   precipitates  sulphur  wlien 
nwd  ID  small  quanii:iei ;  but  when  si  sufficient  propor- 
tion is  used,  ihe  sulphur  is  reditsolTcd  and  converted 
into  sulphuric  kcid. 
I        ■   Salphuret«d  hydrogen  has  a    strong  action  on  the   PrFcI^ncUM 
greater  number  of  metallic  oxides;  its  hydrogen  ab- 
Mracts  oxjgta  from  these  bodies,  and  thus  eilher  brings 
th«in  to  the  tnelallic  state  or  to  a  minimum  of  oxygen  ; 
while  at  the  same  time  tts  sulphur  combines  with  the 
meial  thus  regenerated.    Hence  the  reason  of  the  change 
produced  upon  the  solutions  of  the  metallic  salts  by 
the  infusion  of  liquid  sulpburetcd  hydrogen.      All  the 
genera  of  metallic  talts  are  precipiuted  by  this  sub- 
stance excepting  six  ;  namely,  those  which  contain  ih^ 
I       CDlIowtng  metals  : 

^^^V  1 .  Iron ;  4.  Manganese  ^^H 

^^^B        z.  Nickel  I  f>- Tiianiuin  i  ^^^B 

^^^P  3.  Cobalt;  fi.  Cerium.  ^31 

I  Bertholkt  and  Proust  have  sliown,  that  the  oxides  of  Nntnr*  «f      ' 

these  meials  are  reduced  by  sulphurciad  hydrogen  to  a  tuefc" 
minimum  of  cxyg*"  i  hut  as  in  that  state  they  have 
but  Utile  afiiniiy  for  sulphur,  ihcy  couiinue  combined 
with  ibe  acids  which  held  ih«m  at  first  in  solution.  Tin, 
en  the  other  hand,  which  at  a  minimum  of  oxidiEunent 
has  ■  strong  affinity  lor  sulphur,  is  precipitated,  though  I 

sulplturctcd  hydrogen  only  reduces  it  to  a  minimum  of  I 

Dxidixemmt.  I 

The  metallic  solutions  differ  considerably  in   the  fa-  I 

cility  with  which  ihey  afford  precipitates  with  sulphu-  | 

reted  hydrogen  ;  and  Mr  Proust  has  shown  thiK,  wilh 
1       a  little  address,  metals  may,  ia  toany  cases,  be  separa< 
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,Jj;j[Ji;^  ted  from  etch  other  bj  metDS.oC  tbii  ig#nt»  For  JA^ 
<  y  f  stance^  if  copper,  leed,  dnqand  iroo,  be  hdd  in'flln- 
tion  together  in  nitric  tdd^  nlphoretod  hyjrogea  int 
leperetes  the  copper  in  the  ftrm  of  a-Uack  prcctpitMi^ 
which  owj  be  removed  bjr  filtntion  )  next  Am  ieiAr 
end  lattlji  the  zinc;  while  the  iron'sliU 
eolation  *•  The  difiiereat  metah  maj  be 
by  the  cokmr  of  the  precipitate  which  their 
yield  with  lulphoreted  hjdregen.  The  colo«r»of 
diflferent  precipitatet  maj  be  aeea  is  the  fiaUewiiy 
Tabli: 

Gold  and  PlatbuiB...«.«.««Rediioed    • 

'     Silver • ....Black 

Mercurj • Black 

Palladinm  ••••...••• M.«Dark  browa 

.  .       Copper*................ Black 

Tin • .Brown 

Lead o Black 

Zinc 4 White 

Bismuth Black 

*    Antimonj ...^.........Orange 

Arsenic ....Yellow 

Molybdenum...... Chocolate 

Sopenul*  Sulphoreted  hjdrogea  has  the  property  of  combining 

St^mIu.     ^^  sulphur,  and  of  forming  a  compound  which  has 

the  appearance  of  a  yellow  oil.     It  was  first  observed 

by  Sdhede  f  ;  and  Berthollet  t»  who  first  examined  its 

tiatnre^  has  given  it  the  name  of  hydrogenatfd  sulpbur* 

When  liquid  potash  and  sulphur  are  boiled  togetheri 


f  Scheele  on  Firtt  p.  191.  Eng.  Traml. 
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Wown  coloured  solution  is  obuined^  forioerlj  known-  Ch^»fy» 
the  name  of  liquid  hepar  sui^imris.  II  this  liquid  be 
poured  bjr  little  and  little  into  muriatic  acid,  scarcely 
any  sulphureted  hjdrogen  gas  is  exhaled,  biit  hydroge* 
luted  sulphur  gradually  precipitates  to  the  bottom  of 
the  vessel,  under  the  form  of  a  yellowish  brown  oil. 
This  substance,  when  heated,  easily  allows  the  sulphu* 
reted  hydrogen  gas  to  exhale,  and  is  converted  into  sul- 
phur. The  same  change  takes  place  when  it  is  expo- 
sed to  the  open  air. 

The  easiest  method  of  procuring  this  substance,  ac« 
cording  to  Proust,  is  to  pour  into  a  phial  about  f  d  of 
its  capacity  of  muriatic  acid,  of  the  specific  gravity  1'07, 
add  about  an  equal  bulk  of  the  liquid  hepar,  cork  the 
phial  and  shake  it,  the  hydrogureted  sulphur  gradually 
separates  *. 

Thus  we  see  that  sulphur  and  hydrogen  are  capable* 
of  combining  in  two  proportions,  or,  which  is  the  same 
thing,  that  hydrogen  combines  with  two  doses  of  sul- 
phur.    The  firstjof  these  constitutes  sulphureted  hydro- 
gen gas  or  hepatic  air  ;  which,  according  to  Thcnard, 

is  composed  of  about 20  hydrogen 

71  sulphur 

100 

.  The  addition  of  another  dose  of  sulphur  constitutes 
hydrogureted  sulphur^  whicb  Mr  Kirwan  has  with  great 
propriety  denominated  supersulpbureted  hydrogen;  a 
name  which  certainly  ought  to  be  adopted  f.      Both  of 
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tbMt  Mbilnett  vobUm  wkb  dMeMit  Imi%  Ml 
•titatt  Tvry  pcc«litr  gcMm  «(eoiifepimd%  vrtricb  •dH* 
larvt  «  ptfticular  czaounalMMi  oo  ioiiNMitof  tiit  laiyiili 
Mt  pnrpMtt  which  thty  ttrrt'  in  tttnlyiit.  T 
bifiatioiis  which  talphuttttd  hydrogen  iJoriM  m 
have  beea  caUod  by  Bcnholkt  *f  JroHM|ll«MI», 
Chcntviz  sklfkmrH9i  hyir^gimit.  The 
snpnmlpharttod  hydrogco  wtih  Itcict  b 
by  Bcnhollet  bydr^gmaud  m^fbmmp  wad  hf€, 
vix  ijdrogurHid  iulpburHi  *•  Mr  Oheta¥U*i 
art  ceitaiiily  more  prceitt  Chaft  tbow  *f  BtrMpaHcti 
b«l  as  tha  word  hfitom^bwrn  hat  beaa  laii|r  in  fgmft^ 
ral  «9e,  it  will  be  neoeaiarf  to  maia  it,  •  JSQp#^igfirM| 
imlpbmr§t^  howcYcr^  «iay  be  stiU  adopted;  aa  tho  aoM» 
ponoda  denoted  by  it  have  been  bat  seldom  aasalieosd 
by  chemists  since  the  original  paper  by  Bertholltt'Vi 
the  8ab]|ecl« 

T.  HtDaosnMtnitti. 

m 

SuLfRURKTXD  MTDaooitf  combioes  with   alksKsi 
and  earths,  and  forms  with  them  compoooda  which  may 
be  distinguished  by  the  following  properties : 
^ffop^g^j^        1«  They  are  all  soluble  in  water,  and  the  solatioQ  is 
colourless^ 

fi.  When  the  solution  is  expoaed  to  the  air,  is  be- 
comes green  or  greenish  jrellow. 

3.  After  long  exposure  to  the  air,  the  aolutioo  be» 
comes  limpid  and  colourless ;  and  on  examinatioii  ii^ 


*  On  th(^  Chemical  NomemtUiur*^  p.  SOI.     Mr  Rirwan  uiet  the 


fbani  to  ixtttMn  cml^  the  talpliate  of  tht  base  ef  fbe   ,Ch«p.iv^ 
original  hJrdroaolplHiral. 

4.  The  solntioii  of  the  hjrdrosuiphm'ets  p?edpitalet 
•all  metallic  sehttiona ;  iron  add  lead,  black  j  aottmooyi 
orangey  arieaiep  yellow** 

The  kjpdroiittlpbiijpc^ft  BMj  be  fbftnfdby4i8acdviisgor  H-^^  ^o***^ 
mixing  the  J>a8es  respectively  with  water,  and  causiag 
sal^horeted  hjdrogea  gaa  to  paaa  tbroc^h  them  till  they 
refbae  to  abeoA  any  mere*  Tb^  exceea  of  the  gat  i% 
^rtVeli  off  by  heattag  the  toliiti<t|u  It  is  proper  to  cauae 
the  solpharetbd  hydrogea  gas  lo  pasa  through  a  small 
veasel  tt  water  beCeve  it  reaches  tlie  base  with  which  it 
aa  to  oombiiic,  iii  order  io  eeparate  any  impurities  with 
ivhich  it  tnight  be  mited*  By  this  aoethod  solutions  of 
Ibe  diiercnt  bydroaidphdtets  ifi  water  may  be  obtained* 

If  these  oompoiinds  be  decomposed  ivhile  they  are  co» 
loorlessy  by  pouring  upon  them  sulphuric  acid,  muriiu 
tic  acid,  or  any  other  acid  wbtdi  does  not  act  upon  hy- 
drogen, the  sulphareied  hydrOgea  gas  exhales  without 
tbe  deposition  of  a  single  particle  of  sulphur ;  but  if 
the  hydrosulphuret  has  become  yellow,  some  sulphur  is 
always  depositedduringitsdecoroposkion^  and  the^uan- 
city  of  sulphur  is  prop<Htioned  to  the  deepness  of  the 
colour. 

The  yellow  colour,  therefore,  which  hydrosulphureta 
acquire  by  exposure  to  the  atmosphere,  is  owing  to  a 
commencement  of  decomposition*  Fart  of  the  hydro* 
geo  of  the  sulphureted  hydrogen  abai>dons  the  sulphur. 


■...  w   ■       r  ;.'•■■    T..  .  !\M 


*  Vthtn  the  hydrMuIphurett  are  Icept  in  gb«  phtak,  the  intide  of 
the  ▼easel  U  gradually  coated  with  a  hiack  cauftt.  This,  as  I  am  informed 
hj  Dr  William  Henry,  oonsists  of  a  portion  of  the  lead  from  the  giin^ 
fcdeced  to  the  metallic  itate,  snd  eomttoedwSth  ni^hur. 
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IBookiL  eombinet  with  the  ozjgen  of  the  tdtiamghueg mi 
SoirmM  water.  Bj  degrees,  bowerery  •  |NNtiaB  tf  lb» 
lalphur  it  alto  converted  into  en  acid ;  wmd  wImw  the 
proportion  of  sniphureted  hjdrbgn  is  diinimehed,  tal 
that  of  the  sulphur  increased  to  a  colrtni  pointp  the 
jMlphur  and  the  hjdrogen  eoiftbite  eqoallT'  ^mA  imj^ 
gen. 

*  If  sulphuric  o(  muriatic  adds  Jie  poufed  upon  •  bj. 
drosulphuret  after  it  has  been  fbr  sMie  dme'czpoaed  to 
the  air,  a  quantitj  of  sniphureted*  hjdroged'gateshislsi^ 
sulphur  is'tdepositedy  Aid  after  an  intertil  of  tiaae  wJU 
phurous  acid  is  disengaged.  It  is  therefbce  salphuransi 
and  not  sulphuric  acid,  which  is  ftraied  while  the  bj- 
drosulphuret  spontaneously  absorbs  oxygen.  This  add 
howerer,  is  not  peree^ble  till  after  a  certain  intemil 
of  time,  when  separated  from  tfaO'  hydroaalphniet  Iqr 
means  of  an  add ;  because  as  long  as  it  meets  with  sd^ 
phureted  hydrogen  a  redprocal  decomposition  tdus 
place.  The  oxygen  of  the  acid  combines  with  the  bj- 
drogen  of  the  gas,  and  the  sulphur  of  both  is  predpi- 
tated.  '    '"■ 

Sp.  I,  Hy drosulphuret  of  Barytes. 

When  sulphate  of  barytes  is  converted  into  sulphu- 
ret,  by  mixing  it  with  charcoal  and  keeping  it  red  hot 
in  a  crucible,  if  boiling  water  be  poured  upon  the  black 
mass,  and  filtered  while  hot,  the  green  coloured  solo- 
tion  thus  obtained  yields  by  evaporation  a  great  number 
of  crystals.  These  crystals  afe  hydrosulphuret  ofbs. 
rytes.  They  are  to  be  separated  immediately  by  fikr&« 
tion,  and  dried  between  the  folds  of  filtering  paper  *. 


e  Bcrtholkt,  Ann,  i%  Cbim,  x&v.  S^x. 
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They  are  white,  and  have  a  liiky  lustre.  They  h*^  Chap,  iv. 
usually  the  form  of  scales>  whose  shape  cannot  be  easi- 
ly ascertained.  This  coimpoimd  is  soluble  in  water, 
mnd  the  solution  has  a  very  dight  tinge  of  green,  lu 
taste  is  acrid  an4  sulphureous :  uxid  when  exposed  to 
the  air  it  is  readily  decomposed. 

Sp.  2.     flydrosulpburet  of  ^trontian* 

I  HAVE  procured  this  compound  by  the  same  process 
as  the  hjrdrosnlphiiret  of  barytes,  and  its  properties  are 
ae  nearly  similar,  that  it  requires  na  pecoliar  deacrip»> 
tion. 

Sp^3.     Hydrqsufphuret  of  potash. 

This  compound  may  be  procured  by  saturating  pot- 
ash with  sulphureted  hydrogen ;  but  it  is  formed  also  du* 
ring  the  solution  of  sulphuret  of  potash,  and  may  be  ob« 
tained  by  evaporation.     Its  properties  have  been  lately 
described  by  Mr  Vauquelin.     It  is  transparent  and  co- 
lourless, and  crystallizes  in  large  prismatic  crystals,  not 
unlike  sulphate  of  soda.     They  are  usually  four.sided, 
and  terminated  by  four-sided  pyramids.      Sometimes 
both  the  prisms  and  terminating  pyramids  are  six-sided. 
.tu  taste  is  alkaline  and  extremely  bitter.     When  ex- 
posed to  the  air,  it  soon  deliquesces  into  a  liquid  of  a 
ayrupy  consistence,  tinging  green  all  bodies  with  which 
it  happens  to  be  in  contact.    But  this  colour  is  not  per- 
•manenty  unless  some  metallic  body  happens  to  be  in 
contact.     The  crystals  have  no  smell ;  but  when  they 
have  deliquesced,  they  emit  a  fetid  odour.      They  dis- 
solve both  in  water  and  alcohol ;  and  during  the  solu- 
tioii  the  temperature  of  the  liquid  sinks  considerably. 
Acids  drive  off  the  sulphureted  hydrogen  with  a  violent 


*U^Jt.     9ttr7nmtetf  and  m  tolpliiir  ii  deptnlaJii     Hkdk 
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This  compound  maj  be  prepared  bj  the  tame 
aei  as  the  last.  It  it  the  beat  koown  of  All  the  hjdio* 
•Dlphoratay  at  it  it  otnallj  enplo^  at  a  teaetiipe*  The 
properttet  of  ita  tolotioa  to  water  wttfe  6r8l  poittte^  eat 
bj  Bertholle^  bal  Vaaqneltn  firtt  obtained  it  crjatik 
liaKd.  Hiving  laid  aside  a  concentrated  aolntion  of  iau 
pure  carbonate  of  toda  f  to  oystalliae,  crjttalt  of  bj« 
drosolphuret  of  toda  £Mrmed  in  it  tpontaneettslj*  Ibe 
cryatab  of  diia  bjrdmalpbmet  are  trantpaiewt  aadoo* 
lotirlett,  bawg  the  figuie  of  fovr-iided  prnma 
ted  bj  ^ladraagolar  pjrramidt^  andaoBetiniea  ef 
iiedron*  Itt  taste  it  alkaline  and  intenaalj  bitur*  It  i| 
verjr  aolubk  both  in  water  and  aleebol  \  aaddariiif  tke 
aoltttton  cold  it  produced.  Whan  exposed  to  the  air  it 
deliquesces,  and  atsumes  a  green  coloar*  Adds  deceoi* 
poee  itp  driving  off  the  sulphareted  hydrogetit  Its  other 
pn^erties  are  common  to  the  hjdrotulphorettt. 
HvibMBi.  Tboagh  tulphufeted  hydrogen  and  talpharoaa  Bci4 
phuretad  matuallj  decompose  each  other  when  both  are  aaeem 
f^  binedy  thit  doet  not  appear  to  be  the  ease  when  tli^ 

are  united  to  a  base.      When  water  impregnated  with 
aulphureted  hydrogen  gat  it  mixed  with  liquid  tnlphilt 


a  Va«^iielin,iiM.  de  Cklm,  xlii.  40. 

t  Thif  cirbonate  had  been  procured  by  decompoiiog  ffslp^ttf  of 
bj  charcoal,  and  separating  sblphur  by  meant  of  lime. 
\  Vauquelitiy  Amu  de  Chlvi.  xU.  X90, 
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fte  smell  of  the  gas  is  destroyed,  and  by  evt-  CU*f.X{ 
ttcHl  *  siltii  obtained  which  appears  to  be  s  triple 
pound  of  the  two  gaseous  bodies  with  soda.  A 
similar  to  this  hai  been  descTibed  by  Vauquelin, 
indeed  formed  it  artificially  by  the  process  juit  de- 
d.  This  uh  it  while  and  transparent,  crystallizes 
tur-sided  prisms,  has  no  smell,  and  is  not  altered  by 
uure  to  the  air.  Its  caste  is  cooling,  bitter,  and 
Illy  alkaline.  When  heated  it  melts,  then  becomes 
n  solid,  gives  out  sulphur,  and  the  ictidae  asRUmcs 
ep  red  colour.     No  gas  is  disengaged  *. 

Sj>.  5.     Hydro!ulphurtt  of  Lime. 

'his  compound  is  easily  prepared  by  passing  sulphu- 
d  hydrogen  gaa  through  lime  suspended  in  wster. 
tlunedistolTesand  the  hydrosulphoret  forms.  The 
Sioa  is  colourless,  ud  has  an  acrid  and  bitter  taste, 
^periics  are  analogous  to  the  otber  l^drtnulpbo- 
>  No  attempts  have  been  yet  made  to  procuio  tbii 
ponnd  in  crystals. 

St.  6<     Hydrosuiphuret  of  Ammonia. 

Tail  compound  is  easily  procured  by  passing  a  cur> 
;  of  solphurctcd  hydrogen  tbrougb  litjuJd  ammonia. 
:  Kilution  very  readily  assumes  a  greenish  yellow  co- 
r.  When  equal  pans  of  lime,  sal  ammoniac,  and 
;ifaar,  are  diiiilK'd  in  a  retort,  a  yellow  liquid  is  ob- 
icd,  usually  distingushed  by  the  name  ni/uming  li. 
r  tifBityk,  because  first  prepared  by  that  philouipber. 
is  liquid  constantly  emits  white  fumes,  and  hu  a 


•  ViiKjutUn,  Am.  A  Out.  mil.  t^t. 


IBO  HTMOtULVHUtlTt.-  ' 

m 

Vook  1L  ttrong  ammotiiacai  and  fetid  odoon  JWirthollrf 
P'""^""!'  tained  that  it  owed  its  propertj  of  emitliag  Ahmi  laa 
4uantit]r  of  uncombined  alkali.  It  oooaiaii  gliiiij  -4 
bydresolphuret  of  ammonia  hoidiiig  m  esoni:  of  ok 
phur.  This  liquid  gradoalljr  Ioks  tbo  |mnmiC|  of  k^ 
ming,  aiid  deposites  likewise  its  czeesa  of.oiilphiir»'  Jt 
is  itfaen  a  h  jdrosulphuret  of  ammooia  nearly  |iUB»y  ; 

■    ■ 

Sf.  7.    Hydrosulphunt  o/M^gmtunm. 

Water^  impregnated  with  snlpboreied  hjpingis^ 
dissolves  magnesia,  and  forma  a  hTdraaalphnol^  Jki 
properties  of  which  have  not  beeii  examined  *• 

Sp.  8.  and  ^.  Hfdrosulpburet  of  Gluciffafiid  THri^ 

FaoM  the  experiments  of  VatiqoeUa  a|id  tna|iwsi|^ 
^mknow  that  the  hydrosnlphmvta  do  notpcoeqnMs 
those  earths  firom  acids.  Hence  if  is  likdj  ^that  tlisf 
are  capable  of  combiniag  with  sulphnreled  lijidiujat 
thoDgh  the  oompooads*  have  nevet  been  ^*«-Mitfil  -IjjCi 
chemists.  Neither  alumina  nor  xiroonia  combiae  with 
sulphureted  hydrogen,  {ience  the  hjdrosulphoKls 
precipitate  these  earths,from  acids,  in  'cooaeqncnce  of 
the  aflhitj  of  their  base  for  the  acid,  which  bolda  tlie 
earths  in  solution ;  and  at  the  same  tinse  solphnreced  fcyt. 
drogen  gas  is  emitted. 

• 

II.    HTDRoouaETEB  SoLramETs. 

I 

The  different  alkaline  and  earth  j  bases  are  capable  of 
combining  with  supersulphureted  hjdrogen,  and  fomw 
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th  it.  compounds  which  have  been  loiigtrr  known  C!»p.  IV,^ 
he  hjdrosulphuretSy  though  their  properties  have 
^n  examined  with  the  same  precision.  Thej  How  form- 
€  formed  bj  boilingthe  base  together  with  sulphur 
aantitj  of  pure  water,  or  by  dissolving  their  sni- 
ts  in  water  ;  in  either  case,  supersulphureted  h  j* 
I  is  formed^  which  combines  with  (he  base; 
compoonds  were  known  former!/  by  the  name 
tad  bfparSf  or  iivers  of  mlpiuri  They  naf 
med  also,  as  BerthoUet  has  shown,  by  pouring  a 
hydrosulf^uret  upon  sulphur;  A  portion  of  tjipe 
ir  is  dissolved  without  the  assiataoce  of  heat  \  the 
becomes  dark<«co1oured,  and  iseonverted  into,  hy- 
reted  sulphuret  *•  When  prepared  by  the  first 
s,  they  contain  an  excess  of  siUpbur,  whieh  sepa- 
rhen  sulphureted  hydrogen  is  made  to  pasfthrdugh 

•  I 

;  simplest  way  of  consideririg  these  compounds  is  The  coosi^ 
ieive  them  as  combinationa  of  sulphureted  hydros   con^derT-^ 
ulphur,  and  the  respective  base.     The  relative  l»lr* 
rtions  of  the  sulphur  and  sulphureted  hydrogen 
capable  of  very  considerable  variation.     A  dit- 
B  has  taken  place  upon  this  subject  between  BeF- 
and  Proust,  interesting  in  the  highest  dcgi«e, 
from  the  importance  of  the  point  in  dispute^'  and 
jracity  and  profound  knowledge  of  the  disputants. 
Jlet  endeavoured  long  ago  to  demonstrate^  th^c 
valine  bases  are  incapable  of  holding  sulphur  in 
tfir,  except  by  means  of  sulphureted  hydrogen ;  vi 
^ique  Chimique  he  illustrated  hi^  former  opiniq^i 
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■I  eoondenUe  hugth.  Ttoatt  adniils  that  mifbaniai 
'  hydrogn  ii  tlwRp  pnatnt}  but  hms  brought  anaiaka 
•(  atperiaMBM  to  diow,  that  in  maoj  oue*  the  qnan- 
tjr  it  cxtreiBelj  minitte*  «■<  that  therefore  it  oanoth 
ib»  nedinm  of  nnion  betweni  the  [iqaid  bue  and  iW 
.nlpbiv.  TbeMCsperioieata  may  be  fcduccd  nadtriht 
Ihrw  Mlowia^  heMU  i  1.  Vlmj  of  the  h^drogmod 
nlpharau  da  lot  etfer twice  when  treated  with  an  tdi. 
h»%  merely  depenie  ralphnr.  e.  When  the  ttqnid  bj. 
dregfvnts  ue  mixed  with  muriatic  acid,  bydrognmd 
Mlpbnr  b  deponted  ;  bnt  tbe  proporiion  of  tbia  lut  ak 
ttance  formed  dependi  npeit  the  proportioo  of  ■at]Ae. 
nted  hydregea  coslidiMd  in  ihr  hjdrogeret.  Now  m^ 
my  bydiegoreied  ralpbareti,  wlien  treated  in  this 
aar>  ftifiriih  only  a  iew  atoms  of  hydrogureted  ulpho!, 
aad  of  eeune  contaia  only  m  minote  qnaatity  of  wlphfr 
reted  hydrogen.  8.  When  mercury  is  a^tated  vUtt 
eoloorlets  bydnMalphmett  to  change  i>  prodaceA%ti 
Ae  metal  i  bat  wbn  it  it  agiutcd  with  a  hfingmtU 
aulphttret,  it  combinca  with  the  aulphnr  and  fonma  •  Mifc 
■nlpharet.  By  thit  means  the  whole  of  the 
may  be  separated,  and  nothing  reoiain  bat  a 
solation,  consisting  of  the  lulphdrettd  hydrogen  andlk 
bases  holding  a  little  black  sulphuret  of  mercttry  iast> 
lotion.  When  the  solution  is  sufficiently  (Mimed  inft 
water  this  black  sulphuret  foils  down,  and  leore)  apn 
hydrosulphurct  behind.  Now  when  thia 
taken  with  some  hydrogureied  sulphurets.  only  a  itxj 
minute  portira  of  hydrosulphuret  remaine.  Sttch  «c 
the  proofs  which  Mr  Promt  has  brought  forward  in  sap. 
port  of  his  opinion. 

BerthoUet  allows  the  accuracy  of  the  two  first  expf* 
timants,  but  explains  ibem  in  a  different  manner.    Hi 
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totmaij  shown,  that  when  sulphurous  acid  and  Chip-lV. 
■■Iphureted  hydrogen  came  into  contact,  they  mutually 
decompoK  each  other,  and  are  converted  into  water 
and  sulphur  ;  that  when  a  hydrotulphuret  is  exposed  to 
■be  air  il  becoiiKs  coloured,  in  consequence  of  the  de- 
cemposiiion  of  a  portion  of  sulphureted  hydrogen  by 
the  absorption  of  oxygen,  water  being  formed,  and  a 
family  of  sulphur  disengaged,  which  enters  into  coin- 
lunation  with  the  liquid,  and  converts  it  into  a  hydrogu- 
Rtcd  sulphurcl  i  and  that  when  Che  decomposition  of 
the  sulphurctcd  hydrogen  had  proceeded  in  this  way 
liU  *  certain  portion  of  sulphur  vma  set  at  liberty,  th«n 
■be  oxygen  absorbed  began  to  combine  likewise  with 
the  sulphur,  converting  il  into  sulphurous  acid.  Now, 
according  to  him,  all  itiosc  hyd^ogurcled  sutphurels 
Xvbich  do  not  eftervesce  with  acids,  and  which  form  but 
a  minute  quantity  of  hydrogureced  sulphur  when  mixed 
wtib  acids,  contain  both  sulphurous  acid  and  sulphure- 
Icd  hydrogen.  When  an  acid  is  added  they  are  disen- 
gaged together,  and  malually  deco-mpose  each  other.  If 
the  sulphurous  acid  exceed,  there  is  no  smell  of  sulpfau- 
roicd  hydrogen  whatever ;  but  Tfae  odo«r  of  burning 
svlphur  gradually  becomes  sensible.  'I'he  conlrary  hap. 
pens  if  the  proportion  of  hepatic  gaa  be  greatest.  This 
explanation  is  exceedingly  ingenious,  and  it  must  be  al. 
lowed  also  to  be  saiisfactoryr  provided  it  can  be  shown 
thai  sulphurous  acid  is  actually  present  in  the  eases  al- 
leged. This  is  very  likely  to  be  the  case,  though  it 
may  be  difCcull  to  demonstrate  it  in  every  case. 

As  lo  the  third  experiment  of  Proust,  Berihollet  de- 
nies its  precision.  Proust  lays  it  down  as  established, 
that  when  mercury  is  agitated  with  a  bydrogureted  sul- 
phuret,  it  cembines  only  with  (he  sulphur,  and  does  not 
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Bo^n.     touch  the  tulphureted  hydrogeo ;  while  dM  red  wd^^ 
mercoiy,  on  the.  other  handy  deoompoMi  die  wAftm^ 


h  jdrogen,  and  combines  with  iunil^or  wilheiil 
inj;^  the  sulphur  of  the  hydrognret*  The  rewk  9C|)hi» 
>  tholIet*s  trials  was,  that  both  mcrauj  esd  its  ted  qajb 
acted  upon  the  sulphur  .and  the  aydghexeted  kjdnmi|^' 
but  thaf  the  phenomena  varied  aooocding  to  tlif  ff^iilPt 
tiens  of  the  different  substaoceaenployetf**  *^^P*M^ 
iriiotet  Berthdlet's  opiniett  appeara  to  be  Well  icpPiM 
tboogh  he  has  perhaps,  pushed  it  4  little  Spo  fifr.  ..  jl  -. 
Hydrogo.  •. .  i*  Whea[  th^  hjrdrafe.  of  potash  nui  ^kowet^'ef  |lb' 
^^0i  ^^  •i^  ^"^•^  together  lA  A  phial,  Ihcy^act  npn^^yfl 
pMMh.  Other  in  a  yttj  shbri  tinae,  bMt  is  eVelMd*  jmi,  ky^ 
nrtfcd  .siklphuret  forieed  of  afiiie;red  coloiib^.sriijck 
exh^hs  sttliAureted  hjrd^ogtn  ga^.whw  freetod  witttto 
9p4*  Liquid  potash  of  the  specifie  gvft^tj  I'M,  n^^ 
kjtfti^llO  or  la  hours  upon  fiowers  gf  selplhur/  diisolvs 
it  and  forms  •  similar  eomponod.  When  hett  if  epdiai 
tliecMsbinatidofakespi'acemnchaoonclr.'  Wheedrraek' 
phuret  of  potash  is  dissolved  in  water,  the  seme  kiedof 
compound  is  produced  f «  In  all  these  cases  the  appear* 
anceof  thehydrogurefledsulphuret  tsthesame,  though jis' 
properties  differ  coosiderabl/.  When.it  ia  foniie4.b|r 
heat;  the  quantity  of  sulphureted  hydrogf  i»  which  it 
yieldB  by  means  of  acids  is  always  inoonsidcraUf^  and 
often  not  perceptible.  By  trial,  I  find  thkt  Jthia  depends 
in  a  great  measure  upon  the  care  with  which  it  has  been 
kept  from  the  contact  of  the  air. 

Liquidhydroguretedsulphuret  of  potash  or  soda,  thos 
formed,  is  a  liquid  of  a  deep  red  colour  verging  upon 


•  J§mr,  d*  Pbyt.  lil.  l6a ;  ll.  984,  uti  34;/ 
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brown  i  SomclicneS  it  has  no  smell  i  sometimes,  as  no-  ^ 
liced  hy  Proust,  il  has  the  smell  of  radishes  ;  and  by 
beeping  it  acquires  the  smell  of  sulphureled  hydrogen. 
Its  taste  is  acritl,  and  as  tl  were  bitter  and  coaling.  It 
itains  the  ekiii  of  a  deep  greeo.  When  kept  in  close 
yeatels,  it  is  said  to  deposite  sulphur  and  to  become  co- 
loarlessi  bcingconvcricd  into  a  hjdrosulphuret  *.  It  at- 
tacks with  great  energy  every  metal,  and  often  re- 
duces It  to  l^e  stale  of  a  sulphuret.  Stahl  demonitrated 
long  ago;  that  it  is  capable  of  dissolving  even  gold. 
The  tiat\lTe  of  his  solution  has  not  been  ascertained.  By 
meBQS  of  ^cids  the  gold  is  thrown  down  in  the  metallic 
kuM,  sod  mixed  with  sulphur. 

.  &.  When  amihonia  iakept  in  contact  with  the  Rowers  A 
of  sulphur,  it  gradually  dissolves  a  portion  of  it,  and  as- 
games  a  yellow  colour,  biirdoca  not  acquire  tbe  odouc 
of  sulpUuretcd  hydrogen  f .  Hydrogureied  sulphuret 
of  ammonia  may  be  obtained  by  pouring  on  sulphur  the 
hydrosulphucet  of  ammonia.  The  last  portion  of  the 
lioaid  wbich  passes  over  during  the  distiltalion  of  the 
/mning  liquor  of  BoyU  is  also  a  hydrogureted  sulphuret. 
This  compound  very  readily  deposiles  the  excess  of 
sulfur  which  it  contains,  and  approaches  to  the  state  of 
•  hTdroBnlpburet. 

.  S-  The  hydrogureted  sulphucets  of  barytes  and  stros-    I 
liail  may  be  procured  bv  dissolving  their  snlphurets  in 
water,  or  even  by  exposing  them  to  the  open  air.    They 
have  a  gieen  colour  and  acrid  taste,   but  much  inferior 


*  Wii6  tnc  this  hat  ncvu  hippriKc!,  thou^  I 
•and*  tor  yvara.  Ii  M-on  bccamct  toluurlm  in  v 
brinjc  f oDvcrtcd  into  nilphtla  of  potuh. 

f  PiDUit,  Jnr.  Ji  Piyi.  lit.  169, 
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l»ivi!aV.i:i     '"'^'  *'^  ^^•^'  Mil|i'inrckd  hydrogen  ;  wl 

. Tn.  iviirv,  .ui  thr  ufiur  hand,  decon-  '"!^^^  *"^P^" 

»'rvirr>;:<  n,  and  t',mi)inos  with  its  ''*^**'  ^°  P^^*^' 

»n  r  rill- sulphur  of  tiic  hj^drof 

thclItrS  trials  was,  that  bo*  -  *"Iphur  is  boiled  in 

nctod  i.pon  the  sulphur  r>         .-  '"'^""^  '"'"^''S^  ^'^'^^^^  ^^ 
hnt  thru  the  phcnomcnr  '  •'••^^  sulphuret  of  lime. 

tinn.  of  the  dilFereiit  .'"  '''•''  **'"^^  ^**^*-      '*  '*  ^^^' 

wJioIe,  Benhollct'.^  ' ^ ''"^  '^^'^^^  "  capable  of  dis- 

though  he  has  p  ..  '' '  ''^  ^'"'^^'^  ?*'•     ^''^^'^  "^^P* 

Mjj.o^r:;.  1.  When  U-  ^,;'r--*"r  deposites  sulphur  in  the 

;:,:.;;tr'rf      Pl^u^-  are  mi>  .,,./^  --  ^^'"'^'*  perfectly  colourless. 

potakh.  ojjjgr  in  a  .  'r^tf*^*^  sulphurei  of  magnesia  maj  be 
gurettd  •  '/.,\r^rxe«scs  as  the  others.  This  corn- 
exhale?  !*^*'^*.''  '^  examined.     It  has   but  little 

kcpf  /,^i  ff.'-  2^"  F^^'<*'^  tliat  the  earths  proper  arc 

it  P  4/f' f'^-  "^  ^^'^'*  Jiupcrsulphurelcd  hvdrogcn, 

th  * . zl..v  J?rB:a^-urcied  sul phureis. 

t 

/f,'   .Vr*.::::  HTDROSLTPrii-RKTs  avd  Hydrog-j- 

RETED  Sl'LPHURKT?. 

j^f  hri- ^-i-p^wfels  and  hydrogureted   ^ulphurets 
iir.-  ''•'  T-'P^-y  ^'*  precipitating  all  metallic  bodies, 
tsre:''-^^'-^^*  t'rom  any  solution  in  which  they  miy 
ujtfluxnec.      They  arc  therefore  very  valuable  tests 
^'ie  presence  of  metals,  as  they  do  not  precipitate  any 
^/jae  «:•■-<  except  alumina  avd  zirconia.     The  metal. 
;.:r.'e^"'r'***^*  *^^  occasioned   by   the  combination  ot 
5^:rbu:e:ei  hydrogen,  suporsulphuretcd  hydrogen,  or  of 
fu^":-"' ^^^•'* '^•''^'   tiut.ilhc  body,  which   is  always  dt- 
prive.^  n!  a  pcrtion  or  o!  the  w» ^f%£  its  oxygen,  while 
at:h*  ^aric  rir-ni   tlic  hasr.-   of     \  wotuli^''.  ^f^m- 
V.re«  wx:h  the   acid  which 


.  ^d   zirconia  is  occwooed    Chtp^  IV. 

j^.    ''h^  .  ^ulphurct,  while  the  sulphu* 

^b;      *4t    , .  tfd  in  the  state  of  gas,  not  being 

^'r*..s      ^    S^*  itting  with  these  eafths.     Hydro- 

^    f  .ogurcted  salphuret  of  potash  or  am* 

'4^  aj  made  choice  of  for  these  precipita* 

i  ue  peculiar  metal  precipitated  majr  in  taukf 

.scertained  by  the  colour  of  the  precipitate* 
lour  of  these  different  precipitates  majr  be  a  een 
«ie  following  Table : 

Metidfc  Precipitite  hj  ^^olqur  of 

Hydroidpliiitet       H^egnreted  SuIplAuct  the  {Kecipi- 

ofPociifcu  ofPoM^  tata^ 

Gold......  Black Black. 

Platinum  ...  Black Black. 

Silver Black......  Black. 

Mercury   . .  Brown  black   Brown,  becoming  blad^. 

Palladium.  •  Black 

Copper  ....  Black Brown. 

Iron Black  ......  Black>  becoming  yellow. 

Nickel  ....  Black .Black. 

Tin   ....^.  Black Black. 

Lead Black  • White,  becoming  black. 

Zidc White White. 

Bismuth  . .  •  Black  ......  Black. 

AnUmonj«  •  Orange Orange^yellow.^ 

Tellarium*.  Black  ?    ....  Deep  brown  or  black. 
Arsenic .  ^ « .  Yellow   ....  Tellow. 

Cobalt  ....  Black Black. 

Manganese  .  White White. 

Ghromiiim  •  Green  ...••. 
MolybdcDnaaRtddishbc^wn 

B  b  2 
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^^^^^^"^^  Hyafonilphiiret       HydnfOfBCsd  owplMRC 

ofFouih.  of  Poadb« 

Uranitim  •  •  Brown Brownish^yellow  *. 

TitAQium  •  •  Glass  green  •  Bluisb-grctn  *• 
Columbium  Chocolate. 
Cerium  •  4  •  •  Brown« 

The  nature  of  these  precipitates  has  been  veiy  much 
overlooked  hy  chemists ;  yet  the  subject  deserves  a  ve- 
ry  particular  iovestigation,  as  it  would  enable  as  to  as- 
certain the  nature  of  the  compounds  which  metals  and 
their  oxides  form  with  sulphur  and  its  compounds  with 
hydrogen.  The  following  remarks  are  all  that  can  be 
at  preMit  offered. 

1.  Almost  all  the  metals  combine  with  sulphur,  and 
form  sulpburets  which  ate  tasteless,  insoluble  in  water, 
britdcp  and  ofkeh  possess  the  metallic  lustre  f  • 
Sai|dkttt«ti^  2.  In  atl  these  combinations  there  is  a  certain  por- 
tion  of  sulphur  only,  which  can  be  made  to  combbe 
whh  the  metal.  I!"  a  greater  quantity  be  used,  the  snr- 
plus  makes  its  escape  during  the  combination.  In  most 
metallic  sulphurets,  the  metals  are  combined  with  a 
maximum  of  sulphur,  and  no  other  combination  can  be 
produced  i  while  in  others  the  proportion  of  sulphur 
varies.  In  these  last,  two  distinct  sets  of  compounds 
have  been  recognized ;  the  first  set  contains  a  minimum, 
and  the  second  a  maximum  of  sulphur.  The  first  of 
these,  for  the  sake  of  distmction,  may  be  called  sutphu*^ 

g  '     

*  In  these  eiperlmenti  hydromlphurei  of  lomienia  wat  nied  bj  Rhr 
proth. 

t  See  Volume  I.  p.  395,  an4  Book  I.  Di^on  L  Chapter  IV. 
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reit,  the  second  supersu^burtts.     The  following  Table   ^V*  V^- 
exhibits  the  names  and  respective  colours  of  all  of  these 
two  sets  hitherto  ascertained  to  exist ; 


m^ 


Mercury 


Copper 


Sulphortt. 


ISuppfffii^u^ 
ret. 


Black 


Tellow 


Red 


YeUow 


Iron 


Yellow 


Yellow 


Lead       |  Blue 


Blue 


3.  Sulphur  reduces  oianj  oxides  to  the  metallic  state ; 
but  with  others  it  seems  to  combine,  and  to  form  com- 
pounds which  maj  be  called  sulphureted  bxides. 
T'wo  such  compounds  have  been  examined  and  descri« 
bed  bj  chemists ;  namelj  sulphureted  oxide  of  tin,  and 
of  manganese. 

4.  Whether  sulphureted  h  jdrogen  be  capable  of  com*  Action  of 
bining  with  metals  has  not  been  ascertained.  The  ana*  bvSr^ai! 
logy  of  other  acids  would  lead  us  to  conclude  that  it  is 

not;  but  in  chemistry  analogies  are  always  dangerous, 
and  generally  mislead.  The  facility  with  which  sul- 
phureted hydrogen  gas  tarnishes  lead,  brass,  and  silver, 
is  known  to  all  practical  chemists ;  but  in  these  cases  the 
gas  seems  decomposed,  and  a  simple  sulphuret  only  to  be 
formed.  Water  impregnated  with  this  gas  dissolves  some 
of  the  metals,  especially  iron  ;  but  it  is  probable  thUt 
the  metal  in  these  cases  is  converted  into  an  oxide. 

5«  It  seems  to  have  the  property  of  reducing  the 
greater  number  of  oxides  to  the  metallic  state.  Hence 
the  reason  of  tfie  precipitates  whiph  it  throws  dowa 


ite  unj^jM  wnmoni 

BMrillui   ^'^^  Qieltllic  tolutions.    The  hydnogtn  d:  ite 

t  ,  V      '  the  oxygen  of  the  oxi^e  SBOti^Uj  iinii%  while  thprwlj 

phnr  and  the  metal  rednped  fall  dcrwa  in  |»tthinetien. 

Moit  of  the  meullic  precipitatet  are  nothing  ebe  th^ 

common  tulphniets.    To  thi^  howevoTi  there  ire  aefe» 

ral  exceptions* 

2|[^^        Proust  has  shown  that  the  red  oxide  of  aetcnsy  hw 

menmjt      the  property  of  decoaiposing  the  Sfilphyeled  hjdcqgai 

pf  hydrosolphoreu  \  while  Bertfioilet  |iea  aecrrtiineJ 

that  the  rapidity  of  the  effect  d^prnds  upoo  tho  pcopqr« 

tion  of  the  substances  employed  f .    When  red  o^i^s 

of  mercuryis  agitated  in  a  liqeid  hydc^psnlphuic^  ft 

Uadc  powder  is  formed.    This  UadL  powdery  whan 

takes  place  slowly  if  it  be  e^oaed  to  the  light*  Fnpi 
tbes#  fiwta  BerAollet  has  coodiidedt  that  thia  hhf^ 
powder  ooosistS|  at  least  pfvtly,  of  oxide  oC  mercnij 

and  salphuxete4  hydfogjH^  and  that  tjy  the  action  qC  heat 
the  mutual  decomposition  of  the  gas  and  oxide  is  ncoa* 
lerated.  If  this  be  correct,  the  Uack  powder  may  be 
cooudered  as  coosistbg,  at  least  partly^  of  hydroaiilph|^ 
ret  of  mercury, 
of  tin.  When  sulpbnreted  hydrogen  or  a  hydrositfpheret  it 

poured  into  a  salt  of  tin,  a  precipitate  is  produced*  vary-' 
ing  in  colour  according  to  the  state  of  oxidiaement  eC 
the  metal.  With  the  peroxide  it  is  a  golden  yellow  | 
with  the  protoxide,  a  dark  brown.  Pronat  inform^  u^ 
that  both  of  these  precipitates  are  hydrosulphnret^  Of 
combinations  of  sulphureted  hydrogen  with  the  respec- 
tive oxides  of  tin  unchanged.     When  muriatic  acid  is 


f  Mr.  4k  FBy.  lis.  s68 .  f  Ibid.  Ix.  sgg. 
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potucd  upon  ibem,  the  sulpbureicd   hydrogen  is  dtivcn    Chifk  iv. 
off,  snd  muiiaWd  tin  formed  *. 

There  arc  five  metals  known  which  are  not  precipi-  Metilanot 
Uled  from  Iheir  goluuoa  in  acids  by  sulpliui«ied  hydro-  ^^^^1"^ 
£en  ;  Bundy,  iron,  nick.el,coball,  majigutcse,  tJta 
ceriam.  Hence  we  are  enlided  to  conclude,  ihal  this 
substance  is  unable  lo  reduce  the  oxides  of  these  me- 
tals to  the  metallic  siaie.  Jt  is  probable  that  till- 
phacned  hydrogen  is  capable  of  uniting  with  the  ox- 
ide* of  these  metals,  and  lormin^  with  ihem  hydro- 
sulpburets.  We  know  that  ihis  is  the  case  with  some 
of  them  i  nor  i%  it  unreawnahle  lo  believe,  that  several 
ttlher  metallic  protoxides  are  capable  of  ctiTcring  into 
similar  corobinationt.  The  following  are  the  metallic 
bydrosulpburcis  at  present  known  : 

Bydroiuiphitrtt  of  Tin.  Both  oxides  of  tio  tuiie  with 
suiphureted  hydrogen  :  Hydrotulptiureted  protoxide  is 
dark  browa  ;  hydroiulphureted  peroxide,  golden  yel- 
low. 

Mjulr^iyiphuret  ofZiiict  Zioc  ia  thTown  down  from 
acids  in  the  state  of  a  yellowish-wbitc  mass  by  th«  hy- 
dtosulphurct  of  potash  or  ammonia.  This  mass  dis- 
solves completely  in  muriatic  acid,  and  at  the  same  time 
a  great  quantity  of  suiphureted  hydrogen  is  exhaled. 
Hence  it  is  obviously  a  hydrosulphuret.  ft  may  be 
formed  also  by  treating  the  white  oxide  of  i^inc  with 
hydioaolphuret  of  ammonia'l-.  Vauquelin  remark*, 
that  the  transparent  i^ecimenioi  nativtmipkta-tt of  tn 
oc  bU»dt  often  dissolve  in  the  tame  way,  emitting  tuU 


Blimdt, 


»  J>mr.  A  Piy,.  lii.  336. 
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SP'2  '  MCTAUie  i I uMivuftun ill 

fkni^lM  hydfogcii  •  It  is  pONilw  Ifafll 
meat  appnmch  the  satim'af  lijttoiid|Jk«M^af  tiie.. 
te tfiat'ciwe  there  woqM  lie  Oree  dilEdrciit  kSaH^mi^ 
Bcnli  et  prewot  ceiuooiiQefl  wdcr  ttle  ■  Mrte  MwHf  ^ 
BUMi^y  Miphnfet  of  txuCp  ^olphtuieted  oStM>  eff  sMc^ 
Md  hTdroedlphiireC  of  dab.  Bat  Hin  miM  be  left  ftl 
tiibicqiiciit  iftTeiBgatiod. 

'  Hwkf^iukimm  of  JtMimmuf*    WImb  hvdimiUep 
rttofpolitth  or  emiBoaMi  it  dhtppt  iHa  <tt  iteMtmliliifc 
aF<eiiuflMin^y  ii  beuiufiil  ofWiff^ecikNEMB'^tattplMft 
iidli^  wfaich  the  ea^eriineiiCi  of  B^rtUtlleC^'TlMaMl; 
■DO  xiuun  iwve  oeiwptiiiiBiiu  w  oe  a  n jovoiMpaBiii 
of  tatinwoy.  ThUcooipoand,aadcr^aafaM«fiirift 
atfinet  •oqnire^  Very  ^greet  ^ebrity  fcritr  tfMkid 
TOtaes  eboot  the  begiaaiag  oTtho  itth  otaturyl  '-Vik 
iMtbodof  pfe^Mciag  it  wa» first  diseoTcrsd  bjdaiAcr, 
ted  afterwards  bj  Leoierf  the  Elder  i  bof  it  "waedne 
bfoughl^ialo  vogoe-yi  f nace  bf  a  prieet'sallod^iaMa; 
who  was  tsaght  the  secret  of  preparing  it  by  La  Lige^ 
lie,  a  surgeon,  tb'whdm  it  had  been  comiaaoieated  by 
a  pnpil  of  Glauber*    The  French  goivemment  purcha- 
sed the  secret  from- La  Ligerte,  -and  publiihed  the  pn^ 
cess  in  1720.     It  wasTcry  tedious  and  iH-  coutrircd, 
oonststingjn  boiling  repeatedly  a  very  dihited  sdutifln 
of  potash  on  salphuret  of  antiaaoiiy  ;  «  snoall  poUaoa  of 
karmes'  precipitated  as  the  solution  cooMk    Tha  prt* 
cess  of  Letnery  was  therefore-  adopted  by  apodtocafies> 
It  is  the  following:  •-     -  ur.t.t  n-.! 

Sixteen  parts  of  sulphuret  of  antimony,  eight  parts 
of  potash  of  commerce,  and  one  part  of  sulphut,  tre  tri- 


a  Jim,  de  Ckim.  iixrii.  65. 
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,    -     .  ......  , } 

tutted  together  m  a  morte,  melted  in  a  cradble,  nd  q-^m 
the  mats  poured  into  an  irda  vessel.  When  cold  it  is  -  •  - 
poundedy  and  boiled  in  a  sufficient  quantity  o^  w^ter, 
and  the  soliHidn  is  filtered  V)it1e  hot.  On  coolings  it 
deposites  the  kermes  almndantl^  in  tbe  state  of  a  Vel* 
low  powder,  which  is  edulcorated'  with  a  sufficient 
quantity  of  water,  and  dried :  Or  six  parts  of  potash 
may  be  dissolved  in  twenty  parts  of  water  $  and  to  this 
Solution,  jireviously  made  boiling  )H>t,  one  part  of  pound- 
ed sulphuret  of  anAmony  inay  be  added.  The  solution^ 
well  agitated,  boiled  Tor  seven  or  eiglit  ninntes,  and 
filtered  while  hot,  depositea  on  cooling-  abnndiuice  of 
Kermcn*  ,  '      - 

This  powder  occupied  a  good  deal  of  the  attention  of 
chemists.'  Bergmati  first  demonstrated  that  it  contain- 
ed sulphureted  hydrogen  $  but  it  was  BerthoUet  who 
first  pointed  but  its  true  composition.  From  the  ana- 
lysis  of  Theiiard  it  fidlows  that  it  is  composed  of 

20*30  sulphurated  hydrogen 
4*15  sulphur 

72*76  protoxide  of  antimony 
2*79  water  and  loss   ' 


100*00 


When  this  substance  is  exposed  to  the  air,  it  gradually 
dbraorbs  oxygen  and  becomes  white,  ind  the  inlphmtf- 
ted  hydrogen  exhales. 

^  After  the  mineral'  kermes  has  predpitated  from  its 
•olntion,  prepared  by  either  of  the  fiMrmulas  above  de* 
sbribed,  if  an  acid  be  added  to  the  liquid,  another  pre- 


ww    «#W^^^P#  SvAiBMs   9^^^S* 
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Siilphor 


dpitait  IS.  pcodttced  of  Uk  oraogt  •olov  i 
mlphtr  aumhm.    Aooordiqg  to  tho  itrijik 
Qudf  it  it  compoted  of 

17*01  ialpb«mlid  bjkbifM 

^8-30  protoxide 

12*00  mlpbur 


08*17  • 


Heooo  it  it  %  bydroMlphimt  with  cbpom;  of  nlphv 
sod  a  tmalkr  proportioa  of  buo.  Goetdiqg  hao  pro* 
powd  the  following  procets  for  obfiniq|  diio  eos* 
pooad:  Two  ports  of  tolpboiot  of  tntUMBjoodthni 
parts  of  tnlphiir,  well  mixed^  are  dissolved  in  o  Imili^ 
solution  of  para  potash  i  the  aolutioo  ia  thoft  difatsi 
with  water,  and  precipitated  by  loeana  of  weak  salphii 
ric  acid  f* 

Hydrosu^iwret  ofMmigmMtt.  When  the  Modi  e^ 
ide  of  manganese  is  treated  with  sidphweled  hydref 
water,  its  black  colour  disappears  i  a  portion  of  the  tnl* 
pbureted  hydrogen  is  decomposed  at  the  ezpence  of  the 
oxygen  of  the  black  oxide  \  and  the  white  oxide^  thus 
evolved^  is  dissolved  by  the  sulphureted  hydrogen,  and 
by  evaporation  a  white  mass  is  obtained,  which  dis- 
solves completely  in  muriatic  acid,  while  abundance  of 
sulphureted  hydrogen  is  exhaled.  It  is  therefore  a  by* 
drosolpburet  of  manganese  $•    The  saose  oompoimd  is 


*  Ahb,  dt  CBmp.  xiiii.  a68. 

f  BergmaD,  iil  171.  The  experimcnci  of  Pnrait  on  thete  compouidf 
are  highly  intereitiDg,  bM  too  JoDg  for  isiertko  Imk.  See  Jmr,  dt  Fhy* 
h.  348. 

I  Berthollet,  .<l«it.  dEr  Ckw.  m.  ^9. 
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obtained  when  hydrosulphuret  of  potash  is  mixed  with    Qiap.iv.^ 
a  salt  of  nianganese. 

Hydrosulphuret  of  jirsenic.  Sulphureted  hydrogen 
combines  with  the  white  oxide  of  arsenic  dissolved  in 
water.  The  liquid  assuntes  a  yellow  colour,  but  no 
precipitate  appears.  Hence  the  hydrosulphuret  of  ar- 
senicy  like  that  of  manganese,  is  soluble  in  water,  at 
least  by  the  assistance  of  an  excess  of  sulphureted  by- 
llnigen.  This  hydrosulphuret  exactly  resembles  in  ap- 
pearance yellow  sulphuret  of  arsenic. 

Hjtbvsu^buret  of  Iron.  Sulphureted  hydrogen  com« 
bi|iea  with  the  green  oxide  of  iron,  and  the  compound 
is  solpbk  in  water ;  but  the  solution  soon  lets  fall  a 
Uack  powder^  which  is  a  hydrogureted  sulphuret  of 
iroo. 

■ 

Q.  Whether  any  of  the  metals  or  their  oxides  b^  ca- 
paUe  of  forming  the  combinations  called  hydrogureted 
solphurets,  has  not  been  ascertained  in  a  satisfactory 
manner^  though  it  is  not  improbable  that  they  are.  But 
^is  important  subject  requires  a  much  more  complete 
iny^tigation  than  it  has  hither(p  received. 
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PF     SOAPS. 


The  fixe4  oils  have  the  propertj  of  combining  witk 
alkalies^  earths^  and  metallic  oxidety  and  of  bmiiiig 
with  these  bodies  a  clau  of  compounds  which  have  re- 
ceived the  name  of  Soaps.  As  these  soaps  differ  from 
each  other  yeiy  ma^icrially^  according  as  their  base  is 
fa  alkali,  an  earth,  or  an  oxide,  it  will  be  proper  to 
consider  each  set  separatelv.  This  will  be  the  subject 
of  the  three  following  Sections. 


SECT.  I. 


QV   ALKALINE   SOAPS 


As  there  arc  a  great  number  of  lixed  oils,  all  or  most 
of  which  arc  capable  of  combining  with  alkalies,  earths, 
and  oxides,  it  is  natural  to  suppose  that  there  are  as 
manj  genera  of  alkaline  soaps  as  there  are  oils.  That 
there  are  differences  in  the  nature  of  soaps,  correspond- 
ing to  the  oil  whicb  enters  into  their  composition,  is 
certain ;  but  these  differences  are  not  of  sufficient  im* 


portance  to  requite  s  particular  descripttoo.      It  will   ,  ^^;  Yr, 
be  sufficient  therefore  to  diyide  the  alkaline  soaps  into 
aa  many  species  as  there  are  alkalies,  and  to  consider 
those  soaps  which  have  the  same  alkaline  base,  but  dif- 
fer in  their  oil,  as  varieties  of  the  same  species* 

Sf.  1.     Soap  of  Soda  or  Hard  Soa^m 

The  word  jm^  O^t  ^a^**)  first  occurs  in  the  works  Hiicorj. 
of  Plinj  and  Galen,  and  is  evidently  derived  from  the 
old  German  word  sefe  *•  Plinj  informs  us  that  soap 
was  first  discovered  by  the  Gauls ;  that  it  was  compo- 
sed of  tallow  a#d  ashes  j  and  that  the  Germa^  soap  was 
reckimed  the  best f.  */  'j.  : 

Soap  may  be  prepared  by  tjhe  following  process :  A  Ftcpan- 
quantity  of  the  aoda  of  commerce  is  pounded  and,mix^ 
ed.  in  a  wooden  vessel  with  9hoot  a  fifth  part  eif  its 
wei^  of  lime^  which  has  been  slacked  and  passed 
through  a  ueve  immediately  before.  Upon  this  mix- 
ture a  quantity  of  water  is  poured,  considerably  more 
than  what  is  sufficient  to  cover  it,  and  allowed  to  re- 
main on  it  for  several  hours*  TBe  lime  attracts  the 
carbonic  acid  from  the  soda,  and  the  water  becomes 
strongly  impregnated  with  the  pure  alkali.  This  wa» 
ter  is  then  dmwn  ofi*  by  means  of  a  stop-cock,  and  call- 
ed \ht  first  Uy.  Its  specific  gravity  should  be  about 
1-200. 

Another  quantity  of  water  is  then  to  be  poured  up- 
on the  soda,  whieh,  after  standing  two  or  three  hours. 


o  Bedmaim'^  Hri#fr7  ^/MtoilM/,  ISi  S59.     A«ibattw«rdit«tiU 

\y  the  comaiDnpeopk  cf  HcallsnA 
t  Mny,  lib,s:viilc.  51. 
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1^^  ^L  !<  ^^  ^o  ^  drtwn  off  by  meant  of  the  olop-oocky  ad 
called  the  second  ky» 

Another  portion  oF  water  it  ponred  co  (  and  after 
ttanding  a  tufficient  time,  it  drawn  off  like  the  other 
two»  and  called  the  third  Ity. 

Another  portion  of  water  may  ttiU  be  poored  oo,  it 
order  to  be  certain  that  the  whole  of  the  aodn  is  ditnl* 
ved  ;  and  thit  weak  lej  maj  be  pet  ettde,  and  empkj. 
ed  afterwardt  in  forming  the  firal  lej  in  anbeeqimi  ope. 
tationt. 

A  quantity  of  oil,  eqnal  to  riz  timee  Ae  weighltf 
the  soda  nted,  it  then  ta  be  pat  into  the  boikry  tige. 
ther  with  a  portion  of  the  third  or  wMlmrl  Igy  ;  end  dn 
mixture  mutt  be  kept  boOing  and  agiteted  eoutaetlj 
\gy  meant  of  a  wooden  iflttmment.  Tbe  whole  ef  tte 
third  ley  it  to  be  added  at  intervalt  to  the  mtztme ;  aad 
after  it  it  contnmed,  the  second  ley  mott  he  added  in 
the  tame  manner.  The  oil  bccomct  mi&y,  cemWiiei 
with  tbe  alkali,  and  after  tome  hourt  it  begins  to  ac- 
quire contistence.  A  little  of  the^^9#  h/  ia  then  to  be 
added,  not  forgetting  to  igitite  the  mixtme  constantly. 
Porttont  of  the  firtt  ley  are  to  be  added  at  tnterrals; 
the  toapy  tubstance  acquiret  gradually  greater  oooti^ 
tency,  and  at  latt  it  begint  to  teparate  from  the  watery 
part  of  the  mixture.  A  quantity  of  cooomon  salt  is  thai 
to  be  added,  which  rendert  the  separation  much  more 
complete.  The  boiling  is  to  be  continued  still  for  two 
hours,  and  then  the  fire  must  be  withdrawn,  and  tbe  U* 
quor  must  be  no  longer  agitated.  After  tome  hours 
repose,  the  soap  separates  completely  from  the  water}' 
part,  and  swims  upon  the  surface  of  the  liquor*  The 
watery  part  is  then  to  be  drawn  off;  and  as  it  contaios 


1^ 

PVlpnBtilj  of  carbonate  of  soda,  it  ought  to  be  reserved     Ch»p-V-_ 
fer  fature  u&e. 

The  (ire  is  then  to  be  kindled  again  ;  and,  in  order 
I  t»  facilitate  the  melting  of  the  lonp,  a  Uttl«  water,  or 
rather  weak  ley,  is  lo  be  added  toil.  As  soon  H  h 
boils,  the  remainder  of  the  first  ley  is  lo  be  added  to  it 
■t  intervals.  When  the  soap  has  been  brought  to  the 
proper  consistence,  which  is  judged  of  by  taking  out 
ima))  jmrtions  of  it  and  allowing  it  lo  coo),  it  is  to  be 
withdrawn  from  the  fire,  and  the  watery  part  separated 
firom  it  as  before^  It  is  then  to  be  healed  agnin,  and  a 
little  water  mixed  with  it,  that  ti  may  form  a  proper 
I  psMc.  After  this  let  it  be  poured  into  the  vessels  pro- 
I  per  for  cooling  it ;  in  the  bottom  of  whiih  there  oagM 
to  be  a  little  chalk  in  powder,  to  prevent  the  soap  from 
adhering.  In  a.  few  days  the  soap  will  have  acquired 
suSideat  consistence  lo  be  taken  onl,  and  formed  into 
proper  cakes ". 

The  ose  of  the  common  salt  in  the  above  process  is 
to  Mparate  the  water  from  the  so«p ;  for  common  saTi 
baa  a  sUbnger  affinity  for  water  itian  soap  has. 

Olive  oil  has  been  found  to  answer  best  for  making 
9Mp,  and  next  to  it  perhaps  tallow  may  be  placed:  but 
a  great  variety  of  other  oils  may  be  employed  for  thst 
purpose,  as  appears  from  the  caperiments  of  the  French 
chemists  above  quoted.  They  found,  however,  that  lin. 
Mod  oil  and  whale  oil  were  not  proper  for  making  hard 
Toafu,  though  they  might  be  employed  with  advantage 
in  the  manufacture  of  soft  soapi.  Whale  oil  has  been 
long  used  by  the  Dnich  for  this  last  purpose. 

*  SeeiheMtmoit  of  I>arcti,  I.elirrrr.  anJ  PcUet  ii    ii:  ihr  Am.ii 
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Book  IT.         Soaps  may  alio  be  made  withoat  the  assisUape  ol 

f^sS^^^B  III 

'      \         heat ;  but  in  that  case  a  much  longer  time  and  a  larger 
proportion  of  alkali  it  neoestaEry. 

Scphiitici.        Manulacturert  have  cootrived  Tfliriout  diethods  of  ao- 

^^'  ffhisticating  aoap^  or  of  adding  bgfedicAta .  which  in» 

crease  its  weight  withoat  incireasing  its  valued  The 
most  common  subrtance  used  for  that  purpoae  is  wa- 
ter 'y  which  may  be  added  in  considerable  ^antities^ 
especially  to  soap  piade  with  .tallci^  ,(ihc  ing;rcdieat 
used  in  this  country )»  without  diiAinishing  its  consisteii- 
cy  •  This  fraud  may  be  easily  deteited^  bjT  allowing  tht 
soap  to  lie  for  some  time  exposed  to  the  air.  .  The  WH^ 
tcr  will  evaporate  from  it^  and  its  qiiiaAtity  will  be  dis- 
covered by  the  diminution  of  the  weight  tSi  the  aoap- 
As  soap  sophisticated  in  (bis  manner  t^otid  loA  its  wa»' 
ter  by  being  kept,  manufaeturers»  in'  drdifr  to  pceivte 
that,  keep  their  soap  in  saturated  solutiona  of  tettttda 
salt ;  which  do  not  dissolve  the  soap,  and  at  the  atee 
time,  by  preventing  all  evaporation,-  pr^s^rve,  or  rather 
increase  the  weight  of  the  soap.  Messrs  Darcet,  Le*^ 
lievre,  and  Pelletier,  took  two  pieces  equal  in  weight  c^ 
soap  sophisticated  in  this  manner,  add  phced  the  ime 
in  a  dry  place  in  the  open  air,  and  the  other  in  a  satn^ 
rated  solution  of  common  salt.  After  a  month  the  first 
had  lost  0*56  of  its  weight,  the  other  had  gaind'  about 
0*10  parts  *.  Various  other  methods  have  been'  fallen 
upon  to  sophisticate  soap ;  but  as  they  are  not  general* 
ly  known,  it  would  be  doing  an  injury  to  the  public  to 
describe  them  here. 

Aaa^juu  Different  chemists  have  analysed  soap,  in  order  to  a»> 


*  Jam,  if  Clim,  xiz.  J30. 
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cektain  the  pr^iortUMis  of  its  ingirediefits  *)  bottherc-    Citmp.T, 
salt  of  their  experiments  is  varionsy  because  thej  used     _'  ' 
aoap  oootainSng  Viriobs  qutndties  of  wAter.    From  thb 
experiments  of  Dsrcet,  Lelievre,  and  Pelletier^  it  ap- 
pears that  soap  newly  madfe  and  expoied  to  sale  eoottios 

60*M  oil 
8*50  alkali 

30*50  water 

100*00 

Soiip  as  MnUe  both  in  water  and  in  aTccJiol.  I& 
properties  as  a  delergient  are  too  well  known  to  re^piit 
tej  description. 

Step  made  with  tallow  And  soda  has  a  white  colonr, 
and  is  therefore  known  by  the  name  of  iMii  soap : 
but  it  is  Qsnal  for  sdap«makeri^  in  ordbr  to  lower  the 
price  of  the  artide,  to  mix  a  considerable  portion  of  nK 
km  with  the  tallow ;  this  mittnre  fiirms  the  commoh 
fdbw  toap  of  this  country; 

1^  2«     So0p  ofPtoib  or  Stffi  Soap. 

Potash  may  be  substituted  for  soda  in  making  soap,  Fonattkie. 
lod  in  that  case  precisely  the  same  process  is  to  be  fol- 
lowed. It  is  remarkable,  that  when  potash  is  used,  th^ 
MM^  does  not  assume  a  sblid  form  ;  its  consistence  is 
lever  greater  than  that  of  hog's  lard.  This  \t  what  in 
lus  country  is  called  soji  toap.  Its  properties  as  a  de» 
ttgcnt  do  not  differ  materially  firom  those  of  bard  soi^, 
!)ut  it  is  not  nearly  so  convenient  for  use.  The  alkali 
employed  by  the  ancient  Gauls  and  Germans  in  the  for- 
mation of  soap  was  potash ;  hence  we  see  the  reason 
hat  it  is  described  by  the  Romans  as  an  unguent. 
rof.  III.  C  c 


JlSLuL   Th««lf5»pl9ye4fprfpikiiigiBfe  I 

S2;;L^  whale  oil.    AUtUeUllqw^filwMiMtwlw^ 

c»lwfimageiDCiH,ildi9m^  | 

fthitt  spots*  4.;  .^.t    j-.j;-* 

Sonie  persons  bare  »|k>|B4||^,tfMy||ii»WjiL>lrtl<) 
df  making  hard  sotp  wiih  g^Hslu  Tbcit  omIM  ii 
this :  After  forming  the  sofp  in  the  flaanner  nbove  dst 
acribed^  thej  add  to  iiii  Ifirgo  qRaatitj  of  cotDinoa  sdi^ 
VhI  it  for  some  timey  and  tha-  aoa^  becoinea  nolid  wim 
eoolcd  in  the  asnal  waj.  That  khia  method  miyfes 
fractifia^  with  sucoesa  haa  ben  mntffim^  lOr^jMOP 
JhrcpltLelieTMind^flDctier;  biU  Owii  the  jMRl|Mf 
(hna  formed  does  not  contain  potash  bat  9o4%i  Auiltf 
ifcn  nommmi.salt  ^^tmriaia  of  aodn"^  is  addads  itevHtab 
of  Ae  apap  dfscompoiea  it»  ao4  coni^inef  wilUk  m  W^ 
ri^lic  acid,  while  at  the  sa^  t^aae  the  afflf  yf  AUMi^ 
eombipe*  with  the  oil,  a^  tf€f^  h||KA«rai«:«AAf 
muriate  of  potash  fef^  |y  lhi»  dw^j<t  tf  i,|  i|ii||i»lili 
is  dissolred  in  water,  and  drawa  aff.alpng  w^lJi  ||  Vv/ 
Kogp  of  Chaptal  has  lately  proposed  to  substitute  wool  in  pfaws 

*oo).  of  oi}  £o  ^1,^  mtidng  of  soap.    The  Iqr  >•  Ibruaad  ip  te 

usual  manner*  an^  made  boiling  ho^  and  sbf^  fClfd* 
leu  doth  of  any  kind  are  gtadual^  tbrofni  Mlf9i<)1|0 
are  soon  disiolved.  New  pocfiopa  i^  la  ^  §44(4 
9pariqgljr»  and  the  mLsture  if  to  be  constafftlj  j|gj|tf|jt|^ 
When  no  more  doth  ean  be  dissolved^  th^  Mq^if 
madef.  This  soap  is  said  to  hayc  been  tried  wjth 
success.  It  might  donbtles  be  s^bstitutad  for  soap  with 
advantage  in  several  maoufacturesy  provided  it  can  be 


GCC 


^  Anm,  lit  Ctim.  lax.  32a.  f  IVi4  8S1.  a;. 


bbuineil  at  a  cheaper  rate  tbao  the  soaps  at  present  em-   ^  Qay.  V«- 
^lojed. 

&omt  time  ago  a  proposal  was  made  to  sobstitate  the 
muscles  of  fish  instead  of  tallow  or  oil  in  the  maoufac- 
tan  of  aoap ;  but  the  etpedhicflts  of  Mr  Jameson  have 
dkoMMistrated  that  tbej  do  not  answer  the  purpose  *. 

,  Tftti  spap  waa  first  particiilaiij  attencM  to  Iqi:  lA: 
BortfMlkt.  It  m^y  be  fofm^  bj  pounog  (oubaoat^  ^ 
BHHMttia.on  soap  of  li|M« '  A  dtahlc  dceomparitico 
lalui  ^dIbgcw  •ft^  ike  aoao  of  ammonia  awinas  usqq  thn 

ndaoed  the  itqoorintbs  form  of  i^l  oilier  4t:|nU 
iw  ibcmtd  wkh  atiU  grealer  eate  bj  pouring  a  sobtiofi 
af  mmoaM  of.  amnk^nia  into  cgowion  aoap.4bsolve^ia 


*  * 


-H  ima  H  more  iTpwgent'  tasto  than  rommon-y^fr 
■Faiec' dissolves  a  vorj  smiii  qnaatttj  qf  i(f  ln^■.^  j^ 
saailgr  dlsslived  in  alooM*  When  exposed  tojj^o  fair, 
ftiaf'^dlial^deoomposedr  ,  inMteu>stanGe.cal^lfNB/iif 
fair  Smmenif  which  is  employed  as  an  external  appliou- 
ies  in  rheumatisms^  colds,  &c.  may  be  considered  as 
caredj  any  thin^  MSe  A)in  this  aoap^ 

AH  tbe  aUosline  aoapa^gree  in  the  properties-of^solu- 
iBity  in  neaftr  9nd  afcohol^  and  in  being  pow^cfol^dcteij- 
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SECT.  IL^         ■  -      'nMt?>-i 
or  JtARTHr  SOATf. 

Tariftartfijr  mtLp$  diftr  entirtialjr  ''''Ml  tfi# 
fli  uieir  piqpciim*  •  mc^m  moiMHiui 
iBCipftblc  of  bciflg  cflipMyod  ss  dtiltf]pBiiu  Mwtjf^tttf 
Be  fbmed  Tcry  ret£lj1^aiixiiig€oaiaMNi  MH|^«iikt 
§Mdmk  of  tit  etrthy  wHlti  tfio  dlutt  of  dM 
UMt  with  the  wd  of  tte  mIi^  whBeth* 

fftano  thet  all  wemrt  holding  oa  eortby  tolt 

fbrwoHnng.   Thej  deoompoei  oMMmmi  OMp^ 

IB  eerthj  nop  badtthle  Is'wtlfer.    *  TheiO' 

wdt  knoWtt  bj  the  Heme  of  Aon^wolef^  'I 

etrthj  voips  have  been  examinei  bj  Mr-  Beithalk 

onlj. 

This  totp  tnaj  be  formed  b  j  pooring  liaac^waHc  in- 
to a  solution  of  common  loap.  It  ia  inaoMUe  bedi  ia 
water  and  alcohol.  Carbonate  of  fixed  alkali  decocq^ 
set  it  by  compound  affinity  *•  It  melta  with  difficaltf, 
and  requires  a  strong  heat. 

Soap  of  barjtes  and  of  strontian  resemble  almost  ex- 
actly the  soap  of  lime. 


«  ThooTtnel 
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\%  soap  maj  be  femed  bj  mizing  together,  aqlo- 
f  ooannoo  soap  and  sulphate  of  magnesia.  It  is 
lingly  white.  It  is  noetuoiis,  dries  with  difficulty^ 
eserves  its  whiteness  after  desiccation.  It  is  in- 
e  in  boiling  water.  Alcohol  and  fixed  oil  dis- 
it  in  considerable  quantity.  Water  renders  its  so- 
4o  alcohol  milky.     A.flso^^rale  beatmehu  it^ 

Vaient  niass  is  fiMraae^  slightly  yelloWt  and  very 

a 
•  ...  I 

. «.  .  . 

Sp.fi.    SoapofAlunAuu 

9  aofip  may  be  formed  by  asimng  together  aobu 
if  ^Inm  and  of  common  aoap.  It  is  a  iezible  soft 
AOCf  wlvch  retains  its  suppleness  and  ttenafiqr 
4iy«     It  ia  insoluble  in  alcohol^  watery  -an4  oil* 

^ViVM^v    BnB^Mp%^p  Av^  ^nn^Ww  a  v^^n%aw^w^^4iw   n^»   i^  n^^^^ams^wia^HB  hm^^^m^^^* 

;  yeUowish  mass  t« 


SECT.  IIL 


OJ  METALUC  SOAPS  AHD  fLABTEaS. 


■  ft 


■ 

AtLZc  OXIDES  are  capaU^  of  combining  with 
r  two  different  processes:^  1.  By  mixing  together 
tidn'of  common  soap  widli  a  metallic  salt;  2.  By 


thsttct,  Jim.  i*«r«  178^  sr  Ki Ashoa't  Jmr.  i  xyu 
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n#  uniting  the  metallic  oxide  with  the  oil  direcdj^  citkt 
cold  or  by  the  issutai^e  of  h^tt.  lie  fint  of  that 
cettblnatioos  is  celled  m  mMMe  iot^  $  lb*  siM&  i 
f  taster.    Lei  m  contider  each  of  these  Hi  tiieif  eidn; 


.  I. 


L  AfaaOlc  Soaps. 


1 1 


Thkse  soapi  here  been  extmioed  bj  M^  B^rthJh^ 
who'hu  propbsed  ibaie  of  thenoi  es  puftts.  Mid oAsnsi 
i-misfies ;  but  it  does  not  tp^eu  that  attjr  6i  Vtfbkk  ki 
been  hitherto  applied  to  these  purposes. 

« 

l«  Soap  ofmercmy  may  bo  formed  bj  aDixiaf  tap* 
tber  a  lolation  of  common  soap  and  of  ooiraeive  aa- 
rMte  of  metcnij.  Tlie  liqnor  beeismea'teilkift  atfl  dtt 
sMp'of  inercuiy  is  graduallj  pceeipitatd»  *  TUassif 
!s  viscid,  not  easily  dried,  loses  its  #M(e'  eolMt  nhcfc 
^xp6sed  to  the  air,  and  acqair^  •  alate  MkMfeTp  Mid 
grMndlj  becomes  deeper,  especially  iJF  ttpoadl  to  tte 
sun  or  to  heat.  It  dissolves  very  #eU  in  oil,  bat  'qiu 
ringly  in  alcohol.  It  readily  becomes  soft  and  flaid 
when  heated  *, 

2.  Soap  of  zinc  may  be  formed  by  mixing  together  a 
solution  of  sulphate  of  ainc  Hnd  of  soap.  It  ia  of  a  white 
coloufy  inclining  to  yellow.  It  dries  speedily,  and  b^ 
comes  friable  f. 

3.  Soap  ofcoia/t,  made  by  mixing  nitrate  o€  cobalt 
9nd  conimon  soap,  is  of  a  dull  leaden  colour,  and  dries 
with  difficulty,  though  its  parts  are  not  coonecSed* 

Mr  Berthollet  observed,  that  towards  the  end  of  the 


^  BerchoUet,  Mm,  Fup,  f  79o,or  NiAoIioa^  JtmrmO^  \,  1701 
\  Ibid. 


predt»ttad(m  there  fdl  down  som^  green  ooaguia/mucl^  JP^^* 
tnore  coaststent  than  soap  df  cobalt.    These  he  stippo« 
sed  to  be  a  soap  of  nid^d,  which  is  generally  inixed 
with  cobalt  *.  • 

4.  Soap  of  tin  ma/  be  formed  by  mijung  commoik 
soda  with  a  solution  of  tin  in  nitro-muriatic  acid.  '  li  is 
white.  Heat  does  not  fuse  il  like  other  metallic  soaps^ 
but  decompdses  it  f. 

5.  Soap  of  iron  may  be  fbnbed  by  means  of  sulphate 
of  ihm.  It  is  of  a  reddish*brown  cdlour,  tenadons^ 
and  easily  fusible.  When  spread  upon  wood,  it  siiiks 
in  and  dries.  It  is  easily  soluble  in  oil»  especially  of 
tmrpenline.    Berthollet  proposes  it  as  a  varnish  t* 

0«  Sotf  ofcoffar  may  be  formed  by  means  of  sul- 
phate of  Goppec*  it  u  of  a  green  colour^  has  the  feel  of 
m  TCWI9  nnd  becomes  dry  and  brittle.  Hot  alcohol  ren- 
ders its  eolour  deeper,  but  scarcely  dissolves  it.  Ether 
diasolires  it,  liquefies  it»  and  renders  its  colour  deeper 
nad  more  beaotifiil.  It  is  very  Soluble  in  oils,  and  gives 
them  a  pleastnt  green  colour  {• 

'  7.  Soap  of  had  mzj  be  fohned  by  means  of  acetate  of 
lead.  It  is  white,  tenacious,  and  very  adhesive  when 
heated.  When  fused  it  is  transparent,  and  becomes 
somewhat  yellow  if  the  heat  be  increased  j|^ 

8.  Soi^  ofsiher  may  be  formed  by  means  of  nitrate 
of  nlver.  It  is  at  first  white,  but  becomes  redduh  by 
ezpoaore  to  the  air.  When  fused,  its  surface  becomes 
covtfcd  with  a  very  brilliant  iris  ;  beneath  the  sutfacci 
it  is  black  f . 


•  Bcrtholkt,  Mtmu  Psr.  tjto^nt  Nidraboo'c  /iir.  1 170. 
flbid.  tibid.  {Ibid.  nibid.  libit!. 
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Boojkil.         9,  Soaf  of  gold  maj  be  fonncdlqr  vruii^  of  tmoM^ 
of  gold.    It  it  at  fint  whit«^  and  of  dMiOoaaiatBiioa  o( 


craaoi.  It  graduallj  aaawmn^  %  dtrtjr  pv|ile  oolaai^ 
and  adheres  to  tbeikio,  so  that  it  is  difficqll  tocfioe  dtt 
impreMion  \ 

10.  &iy  ofmangimm  nuij  be  fbnned  bj  meai^  oC 
solphat^  of  manganese.  It  ia  at  fint  while,  bat  il  a^ 
aames  in  the  air  a  reddish  colonr,  omng  evidaitlf  to 
^e  absorptipn  of  oxygen.  It  speedilj  drica  to  a  hud 
brittle  substance,  and  by  liqnefiictioD  aisumfta  m  bcowa 

blackish  colour  f. 

■  < 

Pnpmisfc  VhAVtMM  are  combiutiona  of  oils  and  netallic  9U 
idea  destined  to  be  spread  upon  leather  or  dotby  aadia 
thftt  state  to  be  applied  as  a  qovering  of  okers^  fee. 
They  ought  to  be  solid  bodies,  not  so  hard  «a  to  nfius 
to  spread  easily  am)  equally,  nor  so  soft  as  to  nu  into 
oil  when  heated  by  the  skio.  They  ought  to  admit  o( 
being  easily  kneaded  when  heated  with  die  hand,  to 
adhere  firmly  to  the  skin,  but  to  be  capable  of  being 
removed  without  leaving  behind  them  any  ata|o»  With- 
out these  properties  they  do  not  answer  the  purpoae  fan 
which  they  are  destined,  which  is  chiefly  a4besipn. 

The  only  chemist  who  has  hitherto  examined  plas- 
ters with  attention  is  Deyeuz,  to  whom  we  are  indebt- 
ed for  some  excellent  observations  on  the  method  of  prt>- 
paring  them  %• 


*  Bcitholle:,  Mem,  Par,  1780*  or  NichoUon*!  Jounutt^  i.  i^o* 
f  Ibid,  I  Ann,  dt  Cbim,  XXliii.  5O. 


«a  ■ 

e  oxides  bilhuto  employed   for  making  plasters     Chip.  V. 
Vn  those  of  lead  i  and  litharge  is  usiuUy  consideTcd  ai  Oiida 
t^  best  adapted  for  that  purpose  ofaiiy  of  these  oxides.   ""^ 
But  the  oxides  of  several  of  the  other  metals,  ss  bis- 
nuttfa  and  mercury,  are  also  capable   of  forming  plai-  - 
lcra,aiid  might  perhaps  in  some  cases  beemployed  with 
tdvantage.      Some  metallic  oxides,  bowerer,  as  those 
otiroo,  are  not  susceptible  of  that  kind  fd  combination 
with  oils  which  coostitutes  phsiera  *. 

All  the  fixed  oils  are  capable  of  forming  plasien;  ^^ 
hut  they  do  not  all  form  plasters  with  the  same  pro- 
perties. The  drying  oils,  lia&eed  oil  for  instance,  form 
plasters  of  a  much  softer  consisieitcy  than  the  /at  oils ; 
hot  these  last  acquire  the  same  properties  as  the  diyiog 
oils  if  they  be  combined  with  mucilage.  Xlius  olira 
oil,  boiled  for  some  lime  with  linseed  or  fenugrec,  forms 
with  litharge  plasters  as  soft  as  those  composed  of  lio- 
MCd  oil  aud  litharge.  According  to  Deyeux,  olive  eil 
answers  better  for  plasters  than  any  other. 

There  ate  three  different  ways  of  forming  plaaters.  Pornatian 
The  first  consists  in  simply  mixiog  together  oil  andJi-  '*■  VnKtm. 
tharge  in  proper  proportions,  and  allowing  the  mixnite 
to  remain  a  considerable  time  in  the  common  lempeni- 
ture  of  the  atmosphere,  agitating  il  occasionally.  The 
oxide  gradually  loses  its  colour  and  combines  with  the 
«iJ,  and  the  mixmre  acquires  consistence.  This  pro- 
4XSS  ii  tedious,  and  does  not  furnish  plasters  suSicienily 
solid  to  answer  the  purposes  for  which  they  are  inlend- 
It  is  not  therefore  employed. 

1  throwing  the  oxide  ^ 


I,  Aiiit.  A  Clim,  iniii.  jO. 
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AMk  ir.  into  the  oil  wbik  boiliiig,  Pltitcn  Aimed  bj  tkit  proi 
P^**^"''  ctts  h»f  always  •  deep  eolour  and  a  pMsliar  odenr, 
oeeaiiened  bj  th^  deooippoiition  of  a  portm  of  the  oil. 
When  this  proceti  is  followed,  it  is  neoessarj  that  tke 
oxid^  should  be  in  the  state  of  a  fine.powder  ;  and  that 
bj  citation  it  should  be  made  to  c^wMne  with  the  oil 
as  haX  as  possibki  otherwise  the  metal  will  bo  lonved 
altogether,  ia  coosequeneeof  the  strong  tendency  whadi 
oil  has  to  combine  with  oxjgcn  when  rraed  to  a  U^ 
tempjBrature* 
.  pgg^gf^  The  third  method  is  most  frequAtljr  {Mractisedy  be- 
eaose  it  is  not  liable  to  the  same  inoon^eniencea  aa  the 
other  two*  This  method  consists  in  boiling  dm  oil  and 
the  oude  together  in  a  sufficient  quantity  of  wnlar*  By 
this  liquid  the  beat  is  moderated  at  iirst  till  tbo  oil  and 
oxide  combine,  which  prevenu  the  revival  of  the  me- 
tal ;  and  afterwards  when  the  water  is  diwipowdy  the 
temperature  is  suflkiently  hi^h  to.give  the  plaster  the 
requisite  consistency* 

Plasters,  when  long  kept,  beooose  often  too  bard  to 
be  fit  for  use,  especially  if  the  requisite  proportion  lof 
oil  has  not  been  employed  at  first*  This  defect  ia  ea* 
stly  remedied,  by  melting  them  with  a  small  portion  of 
new  oil.  Plasters,  when  long  kept,  likewise  change 
their  oolour,  and  most  of  their  sensible  properties :  ow- 
ing either  to  the  absorption  of  oxygen^  o^  to  some  change 
.produced  in  their  component  parts  by  the  action  of  the 
air. 
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CHAP.  Vi. 
BMARRS  ON  TUE  SECQND&IIY  LOMrOLNPi*. 


X  il£  secoadary  compounds  are  incomparably  more  nu- 
merous than  the  primary ;  because  they  approach  inuch 
nearer  the  actual  compoaent  paiia  of  the  mineral,  vege- 
table, and  animal  kingdoms.  Indeed  a  very  cousidcr- 
ftble  proportion  of  them  esi3t  native,  especially  in  the 
mineral  kingdom  ;  and  that  number  will  no  doubt  in- 
crease as  the  science  of  chemistry  extends  its  bounds. 

Few  of  the  secondary  corapoonds  have  that  activity,  Scumdarr 
that  violent  action  upon  other  bodies,  which  distinguish  J^^J^^^ 
the  pticnary  compounds.      In  ibis  respect  they  bear  a  •■foplc  bi>. 
strong  resemblance  to  the  simple  substances.     Sulphur, 
for  instance,  is  a  body  which  has  scarcely  any  taste,  and 
which  acts  but  feebly  upon  aniraaJs,  and  not  at  all  per-  ,  ^ 

ccptibly  upon  vegetables  and  minerals ;  and  oxygen, 
though  it  undoubtedly  merits  the  appellation  of  an  ac- 
tive body,  shows  neither  in  its  tasie  nor  in  its  action  on 
animals  and  vegetables  any  thing  which  deserves  the 
name  of  acrid  or  caustic ;  but  sulphuric  acid,  though 
composed  of  these  two  inoffensive  bodies,  is  one  of  the 
most  active  and  corrosive  subitAnccs  known,  and  bums 
and  decomposes  almost  all  the  animal  and  vegetable 
bodiea  which  uc  exposed  to  itiinfiuence.  Potash  is,  if 
{Mssible,  still  more  corrOHve ;  ev»  the  hardest  mine-- 


B<An>     ral  it  mable  to retitt  its  tctioo*    Bnt  wlphili  of  pol> 

w    y      I   mihp  though  coipowJ  of-thoit  Hiofag«Miblg.bodi€a»it 

ftoc  more  tctive  than  tolphnr  itself.    This  ihgolii  oer* 

respoodencc  between  sitD{iIe  sobstsaees  tad  socoaJiij 

oompotmdt,  mod  the  ttrfkiii|[f  oontrost  between  then  tal 

tho  pnimrjr  conpoundsi  dcaeife  otteotion*    It  doHMMw 

strtitM  to  us,  thtt  Ae  iettritj  of  bbdfesis  Ml  proper. 

tional  to  their  sinipUcitjF,  as  has  been  hitherto  aoppo* 

sed ;  and  that  there  is  sbme'othercaiisey  besides  cowibi* 

nation  with  other  bodies,  to  blnnt  their  energj. 

liM^if  Several  of  the  eitple  bodies  erist  'ebinasoriy  in^ 

^S^      sM»  of  gasi  this  is  the  ease  also  ^vithkhliprimafjeea^ 

pMHds ;-  bttt-  no  g«keoa«'  bodj  is  iband  anso^  tte  e»i 

utMunfy'  e6nipoundS|  and  onljr  a  compaxall  veiy  sbmuI 

aaitibir  of  Is^id  bodies.'     Ahnost  all  of  dieas  are  si» 

Kd/ -hnd  prdbsUy  every  one  of  them  b^saseepliUr'tf 

assniiing' that  fbrni.    .ifcaeewe  see  that  gaseoot  boi> 

'■  dfesihflrve  all  of  them  a  eensiderabte  d^^  of  aisBpfiei* 

if'i  few  of  them,  as  d^  as  is  knosrop  cootaiaiai|^  aisBia 

.    Ihitnr  (viEo  componeni  parts^  if  we  omit-tfie  ooasadcntiaa 

of  light  and  caloric  altogether;  or  diree  compaaeat  ptrl^ 

if  we  intlode  these  bodies. 

Or  conibBt.      Noiie  of  tlie  secondary  componnds  are,  propesly  apeak- 

^^^^  -ingi  ^tombnstiUe.   The  seeps,  indeed,  and  the  T^staMe 

aeid  srif  s,''are  susceptible  of  andecgdbg  a  kind  dt 

bofttion,  but  not  till  they  have  been  previously 

posed  by  heat  i  and  even  then  their  oonibiistioa  isjaol 

to  be  Compared  to  that  of  some  of  the  simple  sobstaaN 

cessnd  primarj  componnds.   Two  genera  of  salts,  mmM^ 

ly,  the  nitrates  and  hyperozymuriates,  are  supporters  of 

combustion  in  a  renmrkable  degree,  occasioning  rioleat 

detonations  when  triturated  or  heated  along  with 

bttsiibles.    Many  of  the.  metallic  salts  arc  doobtlesB 
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ceptible  of  supporting  combastion  at  well  at  thete  ge-    C^  ▼!• 
nera,  though  hitherto  the  ezperimeiil  hat  not  been  tried 
except  upon  a  tmall  number. 

The  toondarj  conpoundt  have  been  analjted  with  Bettv 
more  precision  than  any  other  class  of  bodiet  belonging  |g|°^^,^ 

••^••a  v«aBS^ 

to  cheoustry ;  and  their  formation  and*  deeompotitioa  hMm. 
are  more  completely  in  the  power  of  the  chemist.  The 
greater  number  of  them  may  be  formed  and  decompo* 
sed  at  pleasure ;  and  approaches  have  been  made  to-* 
wardt  ascertaining  the  proportions  of  the  component 
pans  of  several  of  then.  Accordingly  it  is  from  them 
that  almost  all  our  notions  of  the  nature  of  affinity  have 
been  derived.  It  is  to  them  that  we  have  always  re« 
course  to  illustrate  these  notions,  or  to  put  them  to  the 
teat  of  experiment.  What  have  been  called  tabks  of 
i^fimkjf^  are  nothing  else  than  lists  of  the  substances  by 
wUchr  certain  secondary  compounds  may  bedecompo- 
sedy  or  of  the  precipitations  which  take  place  when  difr 
fcccBt  secondary  compounds  are  mixed  together.  It  was 
neoetiary  therefore  to  be  acquainted  with  these  bodies, 
and  to  know  the  mutual  changes  which  they  are  capable 
of  producing  on  each  other,  the  decompositions  of 
which  they  are  auseeptibl^,  and  the.  proportions  of  their 
coAspoiient  parts,  before  entering  upon  the  consideration 
of  ^gfimiy  ;  which  may  be  considered  as  constituting  in 
reality  the  whole  of  the  scientific  par4  of  chemistry,  and 
aa  comfHrehending  under  it  the  general  principles  to 
which  the  immense  mass  of  facts  enumerated  in  the  two 
preceding  Books  may  be  referred,  and  under  whigh  they 
may  be  arranged.  We  are  now  therefore  prepared  for 
entering  upon  this  important  subject,  which  will  em^ 
ploy  the  whole  of  the  succeeding  Book. 
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AFFINITY. 


BteklTI.^  J  K  the  two  preceding  Books  the  different  substances 
Which  occupj  the  attention  of  chemists  have  been 
enumerated,  their  properties  hav^  beto  described,  and 
the  changes  which  thej  produce  oh  each  other  have  been 
fully  detailed-  We  are  thus  in  possession  of  the  im- 
mense bodj  of  facts  of  which  the  science  of  chemistrj 
is  composed :  thej  have  been  arranged  in  that  order 
which  seemed  most  proper  for  showing  their  matual 
dependence  on  each  other ;  and  referred  to  a  small  num- 
ber of  general  heads,  that  thej  might  be  remembered 
with  facility  of  consulted  without  difliculty.  It  were 
btwft  to  be  wished  (hat  chemical  phenomena  could  be  referred 

to  a  fe^' general  laws,  and  shown  to  be  the  necessary 
results  of  these  la^^s.  It  were  to  be  wished  that  we 
knew  the  nature  of  these  laws  So  precisely,  as  to  be 
able  to  foretcl  beforehand  the  changes  which  result 
from  the  mutual  action  of  bodies  in  every  particular  cir- 
cumstance. This  would  save  us  the  trouble  of  learning 
in  detail  an  immense  number  of  insulated  facts  which 


Cfafinicil 


«t  prciefit  src  necessary  for  the  practice  of  chemistry ;  ' 
it  would  enable  us  to  apply  the  science  with  more  ef- 
fect to  the  art;  and  muiuf^ictiircs  ;  ii  trould  enable  us 
to  trace  the  chemical  chaogeswhich  are  going  on  in  the 
atmosphere  and  the  earth  lo  their  origin,  and  to  fore. 
see  the  future  chnngeg  to  which  they  are  liable  ;  and 
thus  TO  form,  wh»i  hos  hitherto  been  attempted  in  vain, 
a  complete  theory  of  meletirology  and  geology. 

Uofortiinaiely  the  ell'orts  of  philosophers  to  establish  a 
these  general  principles  have  not  hitherto  been  attend-  ^ 
cd  with  complete  success;  partly  owing  to  the  difEcnl- 
tjr  of  the  subject,  and  panly  lo  the  unaccountable  negli- 
gence cf  the  greater  namber  of  chemists,  who  have 
been  more  anxious  to  ascertain  particular  facts  than  to 
iavescigatc  general  principles,  and  who  have  often  seem- 
ed to  look  upon  general  principles  as  altogether  foreign 
to  their  science.  Happily  this  has  not  been  tfae  case 
with  aJl  chemists.  Several,  and  these  the  most  Ulus' 
trious,  have  carefully  classified  the  phenomena,  and  re- 
ferred ihcm  under  general  heads ;  and  if  they  have  not 
succeeded  in  discovering  laws  sulBctently  compreheD- 
wve  to  include  alt  the  chemical  phenomena,  have  at 
least  pmnied  out  several  pretty  general  ones,  from  the 
knowledge  of  which  the  mutual  action  of  many  bodies 
oa  each  other  may,  In  not  a  few  cases,  be  foreseen,  even 
prior  10  experimenl.  Among  these  philosophers,  none 
stands  higher  than  Bergman,  who  was  not  less  dislin- 
guilbed  by  his  industry  and  enthusiasm,  than  by  hii 
rulargeil  views  and  the  happy  acuteness  with  which  he 
drew  general  conclusions.  To  Black  and  Lavoisier  we 
ate  indebted  for  two  of  the  most  general  and  most  im- 
poruntlaws  hitherto  discovered  in  chemistry.  Much 
has  been  done  by  Kirwan,  whose  profound  knowledge, 
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Bockm,  fertntitdy  for  the  iciqid^  ilinBrt  Bimlintly  kail  hk 
to  gaoeral  views.  MociPc«*l(ee  baM  Mi  ki^.<Ui» 
fniihcd  ia  this  impoctaot  caiMrt  ^Ab ««iBJl  eapdk 
ofthemon  comprebeanra  faoge^  balHfidaMieAAe 
BOH  difficult  phenotteaa,  aoA  thf0«m:.Uglik  apaa  Ae 
abetroeett  part  of  the  ideaee.  AaiSirtlMlkt  hai  Jtt^ 
1^  reviewei  the  geaeial  daetrinea  of.  ahevMaliy  aniha 
tagtcitj  peculiar  to  himielf ;  and  haa  aol^aBfy 
ed  Tariona  errors  which  had  pasaadoaamBl 
iMtioOy  hot  has  new-nftodellad  the  wholot 
oot  ieteral  new  laws  of  the  gsealsat  iavOfliBoe^f i 

The  general  prbcipka  of  cheBiiat|y  .ffll  te»% 
jnhject  of  this  third  Book,  whieh  wfll.  jiojIiiMiJjjIi 
£ve  Chapters.     In  the/rif  Chapler».w»  ahall 
the  natore  of  Afffnrm  ia  general^  iaiAp  JBi|fl^j 
aliall  treat  of  Gasxs;  in  the  iiird^  of  LimilBai.«tt 
yiarAb^  of  SotiDS  I  and,  inihej^i,  at 

TXOK. 
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CHAP.   I. 
AFFINITY    IN    GENERAL. 


1.  Ali  the  great  bodies  which  constitute  the  sokr 
»;stem  tre  urged  towards  each  other  by  a  force  which 
Itreierves  them  in  tlieir  orbits  and  regulates  their  mo- 
tions. This  force  has  received  the  name  of  attraction.  AttzKliat, 
Its  nature  is  unknown;  Whether  tt  be  inhereDt  in  these 
bodies  themselves,  or  the  consequence  of  some  foreign 
Bgent,  are  questicjcs  aliogelhcr  beyond  the  reach  Ckf  phi- 
losophy, because  we  have  no  method  of  deciding  the 
point.  One  would  be  more  inclined  to  the  first  suppo- 
sttion  than  to  the  other,  as  we  caji  couceive  no  foreign 
agent  suiTicient  to  explain  the  planetory  motions  unless 
an  inlelligent  one  ;  and  for  any  thing  which  we  know 
to  the  contrary,  it  was  as  easy  for  the  Creator  to  have 
bestowed  on  the  planets  the  power  of  acting  on  each 
other  at  a  distance,  as  the  power  of  bclag  acted  on,  ud 
receiving  motion  from  other  substances.  , 

S.  Sir  Isaac  Newtou  demonstrated,  that  this  planetary   VniTcrAl. 
attraction  is  the  same  with  gravitation,  or  thai  force  by 

.  ivhich  a  heavy  body  is  urged  towards  the  earth  ;  that 
It  it  possessed,  not  only  by  the  planets  as  wholes,  but 

,  bj  all  their  component  parts  also  ;  that  it  is  mutual ; 
that  it  extends  to  indefinite  distances ;  and  that  all  be' 
dies,  as  far  as  is  kaowiif  axe  f  osKsscfJ  '- 


rei.  ill. 


«A 


4A  juininTr. 

3.  When  two  bodies  are  bronght  within  a  oertaiD  S§m 
lance,  thej  adbare  together,  and  feqoiie  »  conridciahlr 
force  to  separate  them.  This  is  the  case,  for  instaDoe, 
with  two  polished  pieces  of  marble  or  glass.  When  a 
piece  of  metal,  or  indeed  almost  an j  body  wbatever,  b 
plunged  into  water  and  drawn  out  again,  ita  svr£Me  u 
moistened,  that  is  to  say,  part  of  the  water  adheres  to  it. 
IVhen  a  rod  of  gold  is  plunged  into  mercury,  it  cones 
out  stained  indelibly  of  a  white  colour,  because  it  re« 
tains  and  carries  with  it  a  portion  of  the  mercoiy. 
Hence  it  is  evident  that'  there  is  a  force  which  viges 
these  bodies  towards  each  other  and  keepa  theai  toge- 
ther ;  consequently  there  is  an  attraction  bctwectt  Aeai. 
Bodies,  therefore,  are  not  only  attracted  towards  the 
earth  and  the  planetary  bodies,  but  towarda  each  other. 
The  nature  of  this  attraction  cannot  be  assigned  aay 
more  than  that  of  gravitation  ;  hot  its  existence  is  e« 
^piaily  certain,  as  far  at  least  as  regards  by  fkr  tbegreau 
cr  number  of  bodies. 

4.  In  all  eases  we  find  the  particles  of  matter  mited 
together  in  masses  ^  differing  indeed  from  each  other  in 
magnitude,  but  containing  all  of  them  a  great  nnmber 
of  particles.  These  particles  renraiit  nniled,  and  canod 
be  separated  without  the  application  of  a  considerabk 
fbrce  ;  consequently  they  are  kept  together  by  a  force 
which  upges  tbem  towards  each  other,  since  it  opposes 
their  separation »   Consccpently  this  force  is  ao  aitrat* 

Thus  we  see  that  there  is  a  certain  unknown  force 
which  urges  bodies  towards  each  other  f  a  force  which 
acts  not  only  upon  large  masses  of  matter,  as  the  sua 
and  the  planets,  but  upon  the  smaller  component  parts 
of  these  bodies^  and  even  upon  the  partidea^of  which 
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i  ttbdicd  are  compos«d.  Altractiooi  (fcertfofe,  is  Ckap.  h 
fmr  ss  ne  know,  extends  to  all  matter,  BDd  exists  ma- 
toalljr  between  all  matter.  It  is  not  annihilated  at  how 
great  a  distance  socTer  we  roay  suppose  bodies  lo  be 
placed  from  each  oihi-r,  neither  does  it  disapptar, 
thongli  ibc^  be  placed  ever  so  near  each  otber.  Tb« 
nature  of  this  atiraclioa,  of  the  cause  which  produces 
it,  is  altogether  unknown  ;  but  its  existence  is  dcmon- 
Mtrlteri  by  all  the  phenomena  of  nature. 

5.  This  attraction  was  long  accounted  for  bv  stlp-   ^="''>»5** 

...  J        r       laiyaivoD, 

{losing  that  there  existed  a  cettatii  unknown  substance 
svbich  impelled  all  bodies  towards  each  other ;  a  b^* 
pothesis  to  which  philosophers  bad  recourse,  from  an 
Opinion  long  admitted  as  a  first  principle,  "  that  no  bo- 
dy can  act  where  it  is  not;"  as  if  it  were  more  difficult  to 
cenceive  why  a  change  i?  produced  in  a  body  by  ano- 
ther which  is  placed  at  a  great  distance,  than  why  ii  fs 
produced  by  one  which  is  simated  at  a  small  distance. 
It  is  not  only  impossible  to  explain  the  phenomena  of  BotV 
attnciion  by  impulsion,  but  it  is  as  difGcuIt  to  conceire 
how  bodies  should  be  urged  towards  each  other  by  the 
fiction  of  an  external  substance,  as  how  they  should  be 
DTgcd  towards  each  other  by  ■  power  inherent  in  them- 
selves.  The  fact  i^,  that  we  can  neither  comprehend 
Ihe  one  nor  the  other  ;  nor  can  any  reason  be  assigned 
why  the  Almighty  might  not  as  easily  bestow  upon 
natter  the  power  of  acting  upon  matter  at  a  distance, 
Its  the  power  of  being  acted  upon  and  changed  by  mat* 
ler  in  actual  contact. 

But  farther,  we  have  no  reason  for  supposing  that 
bodies  are  ever  in  any  case  acluallj  in  contact.  For  all 
bodies  are  diminished  in  bulk  by  cold,  (hat  is  to  say, 
tiieir  particles  ire  brought  nearer  to  each  other,  «rbi«b 
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.y?^"^v  would  be  impossible,  unless  thej  bad  been  tt  loiie 
distance  before  the  application  of  the  cold.  Almost  sB 
bodies  are  dimbished  in  bulk  by  pressure,  and  oonse* 
quently  their  particles  are  brought  nearer  each  other; 
and  the  diminution  of  bulk  is  always  proportional  it 
the  pressure.  Newton  has  shown  that  it  required  a 
force  of  many  pounds  to  bring  two  glasses  within  the 
800th  part  of  an  inch  of  each  other  i  that  a  nnudi  great- 
er was  necessary  to  diminish  that  distance }  and  that  no 

^ '  pressure  whatever  was  capable  of  diminishing  it  beyond 

a  certain  point.  Consequently  there  is  a  force  which 
opposes  the  actual  contact  of  bodies  i  a  force  which  ni« 
creases  inversely  as  some  power  or  function  of  the  dis» 
tance,  and  which  no  power  whatever  is  capable  of  over- 
coming. Boscovich  has  demonstrated,  that  a  body  in 
motion  communicates  part  of  its  motion  to  another  bo- 
dy before  it  actually  reaches  it«  Hence  we  may  con- 
clude that,  as  far  as  we  know,  there  is  no  such  thing  u 
actual  contact  in  naturci  and  that  bodies  of  course  al- 
ways act  upon  each  other  at  a  distance.  Even  impul- 
sion, thereforci  or  pressure,  is  an  instance  of  bodies  act- 
ing on  each  other  at  a  distance,  and  therefore  is  no  bet- 
ter explanation  of  attraction  than  the  supposition  that 
it  is  an  inherent  power.  We  must  therefore  be  satis- 
fied with  considering  attraction  as  an  unknown  power, 
by  which  all  bodies  are  urged  towards  each  other.  It 
is  a  power  which  acts  constantly  and  uniformly  in  all 
times  and  places,  and  which  is  always  diminishing  the 
distance  between  bodirs,  unless  when  they  are  prevent- 
ed from  approacliing  each  other  by  some  other  force 
equally  powerful. 

Ofrwo  6*  The  change  which  attraction  produces  on  bodies 

k>nj4.  *^  ^  diminution  of  their  distance.     Now  the  distaaceaof 
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I  from  eadi  otliec  are  of  two  kinds;  ciihcr  too  Chij>^ 
snail  to  be  perceived  by  our  senses,  or  great  enough  to 
be  easily  pefceived  and  CKiimaied.  In  tlie  Grst  case, 
tiie  change  of  distance  produced  by  attraction  mutt  be 
insensible^  in  the  second  case  it  must  be  visible.  Hence 
the  attractions  of  badtes,  as  fnr  as  regards  us,  naitually 
divide  themselves  into  two  classes ;  1.  Those  which  act 
at  sensible  distances;  2.  Those  which  act  at  insensible 
distances.  The  first  class  obviously  applies  to  bodies 
ia  masses  of  sensible  magnitude  ^  the  second  -clast  must 
bp  confined  to  the  particles  of  bodies,  because  they  alone 
are  at  insensible  distances  from  each  other. 

1,  It  has  been  demonstrated,  that  the  inteDsity  of  the  ^ 
first  class  of  attractions  varies  with  the  mass  and  the  c 
distance  of  the  attracting  bodies.  It  increases  with  the 
mass  of  these  bodies,  bn>  diminishes  as  the  distance  be- 
tween them  increases.  Hence  we  see  thxt  in  this  class 
o(  attractions  every  particle  of  the  attracting  bodies  acts, 
since  the  sum  of  the  attracting  force  is  always  propor- 
tional to  the  number  of  particles  in  the  attracting  bodies. 
Why  it  diminiihcs  as  the  distance  increases,  it  is  im- 
possible to  say;  but  the  fact  is  cerixiii,  and  is  almost 
incompatible  with  the  supposition  of  impuUion  as  the 
cause  of  atiractton.  The  rate  of  variation  has  been  de. 
nonstratcd  to  be  inversely  as  the  square  of  the  distance 
ID  all  cases  of  attraction  belonging  to  the  titsi  daas. 

b.  The  attractions  belonging  to  the  fjrst  class  must 
be  as  numerous  as  there  are  bodies  situated  at  sensible 
distances;  but  it  has  been  ascertained  that  they  may  be 
all  reduced  to  three  different  kinds;  namdj,  i.  Gravi- 
tation;  2.  iileclricity  ;  3.  Magnetism.  The  first  of 
ibese  has  been  shown  by  Nentoa  to  belong  to  all  mat- 
t^r^  as  fai  as  we  have  an  opi>orinnity  of  examining,  ;ind 
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^BMkTJL  therefore  to  be  iiiitvem].  The  other  two  wge  ptrtSdi 
being  confined  to  oertain  sets  of  bodies  while  the  leH 
of  matter  is  destitute  of  them ;  for  it  it  well  known 
that  all  bodies  are  not  electric,  and  that  scaredj  anj 
bodies  are  magnetic,  except  iron,  cobalt,  nickel,  and 
chromi'um. 

The  intensity  of  these  three  attractions  increaaes  as 
the  mass  of  the  attracting  bodies,  and  diminiabea  aa  the 
square  of  the  distance  increases.  The  first  extends  to 
the  greatest  distance  at  which  bodies  are  known  to  be 
separated  from  each  other.  How  far  dectrieity  extends 
has  not  been  ascertained ;  but  magnetism  extends  at 
least  as  far  as  the  semtdiameter  of  the  earth.  All  bo« 
dies  possess  gravity  ;  but  it  has  been  supposed  that  the 
other  two  attractions  are  confined  to  two  or  three  snb« 
tile  fluids,  which  constitute  a  part  of  all  those  bodies 
which  ezliibit  the  attractions  of  electricity  or  magne- 
tism. l*his  maj  be  so  ;  but  it  has  not,  and  scarcely 
can  be  demonstrated. 

0.  The  absolute  force  of  these  attractiona  in  given 
bodies  can  only  be  measured  by  the  force  necessary  to 
counteract  the  eflTect  of  these  attractions,  or  by  the  space 
which  given  bodies,  ^ted  on  merely  by  these  attrac- 
tions, traverse  in  a  given  time.  If  we  compare  the  dif* 
fcrent  bodies  acted  on  by  gravitation,  we  shall  find  that 
the  absolute  force  of  tlieir  gravitation  towards  each 
pther  is  in  all  cases  the  same,  provided  their  distances 
from  each  other  and  their  mass  be  the  same ;  but  this 
is  by  no  means  the  case  with  electrical  and  magnetic 
bodies.  In  them  the  forces  by  which  they  are  attract- 
ed towards  each  other,  called  electricity  and  magnetism, 
are  exceedingly  various,  even  when  the  mass  and  die 
distance  are  the  same.    Sometimes  these  forces  disap^i 
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IFmlmmt  eatirely  i  at  other  timcj  thej  are  exceed- 
n^lj  intensF.  Gravity,  therefore,  ii  a  force  inherent  in 
ttodirs;  dcctncicj'  and  magneiistn  not  so:  a  circum- 
atAnce  which  tenders  the  apinioo  of  their  dcpendtag 
upon  peculiar  fluids  exceedingly  probable.  If  we  com- 
|)are  the  absolute  force  of  these  tliree  powers  with  each 
other,  it  would  appear  that  the  intensity  of  xhu  two  last, 
every  thing  else  being  equal,  is  greater  than  that  of  the 
Gist ;  but  their  relative  intensity  cannot  he  comparedt 
Mid  is  therefore  untnowu.  Hence  it  foUoH^  that  these 
didcrent  attractioDs,  though  they  follow  tbe  same  lawt 
of  variation,  are  not  the  same  in  kind. 

JO.  The  atiraciions  between  bodies  at  insenstUe  di-  ^ 
stances,  and  which  of  coticse  are  confined  lo  the  parti- 
cles of  matler,  have  been  distinguislied  by  the  name  o£ 
affiaitft  while  the  term  attraction  has  been  more  coma 
nonly  con&ned  to  cases  of  sensible  distance.  Now  ifae 
piarticles  of  matter  arc  of  two  kinds,  either  hom<igetuaat 
or  htttrogtneoui.  %y  IioiBOgeDeeiis  particles,  J  nicao 
panicles  which  compose  the  same  body  j  thus  all  par- 
ticles of  iron  are  homogeneous.  By  heterogeneous  par. 
ttclcs  ace  meant  those  which  compose  diDerent  bodies  i 
thus  a  particle  of  iron  and  a  particle  of  lead  are  betero< 
geneous. 

Homogeneous  aiHnily  urges  the  homogeneous  parti« 
cles  towards  each  other,  and  keeps  them  at  inuasible  di. 
Atances  from  each  other  j  and  consequently  is  the  cause 
why  bodies  almost  always  exist  united  together,  so  u 
tocuaslilute  masses  of  sensible  magnitude.  This  affinity 
is  usually  denoted  by  the  term  cohrsioii,  and  sometimet 
by  adbetku  when  the  surfaces  of  bodies  are  only  refer- 
red to.  Homogeneousaffinityisnearly  universal;  as  far 
as  is  ktiovm,  caloric  and  light  only  are  destitute  of  \'.. 
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towards  each  other,  and  keeps  them  at  insemible  dis* 
lances  from  each  other,  and  of  course  is  the  otose  of  thi 
formation  of  new  integrant  particles  oomposed  of  a  oer* 
tain  number  of  heterogeneous  particles.  These  new  io« 
tegrant  particles  afterwards  unite  by  cohesion,  and  fonn 
masses  of  compound  bodies*  Thus  an  integrant  parti- 
cle of  water  is  composed  of  particles  of  hjdrogen  and 
oxygen,  urged  towards  each  other,  and  kept  at  an  in« 
sensible  distance  by  heterogeneous  affinity ;  and  a  mass 
of  water  is  composed  of  an  indefinite  numbar  of  inte- 
grant particles  of  that  fluid,  urged  towards  each  odier 
by  homogeneons  affinity.  Heterogeneous  aftnity  is 
universal,  as  far  as  is  known  ;  that  is  to  say,  therte  is  no 
body  whose  particles  are  not  attracted  by  the  panicles 
of  some  other  body  ;  but  whether  the  parades  of  «li 
bodies  have  an  affinity  for  the  particles  of  all  other  bo- 
dies,  is  a  point  which  we  have  no  means  of  ascertaining. 
It  is,  howevery  exceedingly  probable,  and  has  been  ge- 
nerally taken  for  granted  ;  though  it  is  certainly  assu- 
ming more  than  even  analogy  can  warrant. 
!nj:rea«et  n.  Affinity,  like  sensible  attraction,  varies  with  the 

mass  and  the  distance  of  the  attracting  bodies.  That 
cohesion  varies  with  the  mass,  cannot  indeed  be  ascer^ 
tained ;  because  we  have  no  method  of  varying  the 
mass  without  at  the  same  time  altering  the  distance. 
But  in  cases  of  the  adhesion  of  the  surfaces  of  homo- 
geneous bodies,  which  is  undoubtedly  an  instance  of 
homogeneous  affinity,  it  has  been  demonstrated,  that 
the  force  of  adhesion  Increases  with  the  surface,  that  is 
to  say,  with  the  mass  ;  for  the  number  of  adhering  par^ 
tides  must  increase  with  the  surface. 

Th^t  heterogeneous  affinity  increases  with  the  mass^ 


^•s  been  o^Mrrcd  long  ago  in  paniculir  intfances,  and 
^as  been  lately  dcrnonstraied  by  BeithoUct  to  bold  in 
pvery  case:  thus  a  given  portion  of  water  is  retained 
Inofe  obstinately  by  8  large  quaotity  of  sDlphuiic  acid 
phSD  fay  a  small  <]uaQtity.  Oxygen  is  more  easily  ab- 
Untcted  from  those  oxides  which  are  oxidized  to  a 
knftximum,  than  from  those  which  arc  oxidized  to  a  mi' 
Vimtim  I  thai  is  to  say,  that  a  large  mats  of  metal  re- 
Elains  a  given  quaatity  of  oxygen  more  violently  than  » 
Ismail  mass.  Lime  deprives  potash  of  only  a  portion  oi 
%t»  carbonic  acid,  and  sulphuric  acid  deprives  phospbo- 
:S'ic  acid  of  only  a  portiou  of  the  lime  with  vvtiich  it  is 
rvnited  in  phosphate  of  lime.  In  these,  and  many  other 
instances  that  might  be  enumerated,  a  small  portion  oE 
pne  body  is  retained  by  a  given  quantity  of  another 
tnore  sUongly  than  a  large  quantity.  And  Berthollet 
•)ias  shown,  that  in  all  cases  a  large  quantity  of  a  hodj 
is  capable  of  abstracting  a  portiou  of  another  from  » 
small  portion  of  a  third  ;  how  weak  soever  the  affinity 
between  (he  first  and  second  of  these  bodieis  is,  and  how 
'Stroog  soever  the  aftiuity  between  tUe  second  and  the 
third.  Thus  when  equal  quantities  of  the  following 
bodies  were  boiled  together, 
•  r  Sulphate  of  baryies 

I  Potash 
.  f  Sulphate  of  potash 

.     ^'     Isoda 
■  C  Sulphate  of  potash 

CLimc 

the  DDCombined  base  abstracted  part  of  the  acid  from 
^e  base  with  which  it  ,was  previously  combined  ;  iho' 
jn  every  one  of  these  insunces  it  was  retained  by  that 
J/fiif  by  as  affinity  considered  as  stronger.     The  suu« 


C  Oxalate  of  lime 

C  Potash 

^  Fhospbaie  of  lime 

I  Potash 

y  Caibooate  of  lime 

I  Potash 
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diviiionof  the  buc  took  place  when  cqoal  qvuititintf 
oxalUc  of  lime  mnd  nitric  tcid  were  boiled  together. 

That  the  fore*  of  affiatty  incrcasct  ■»  the  (bitaoce  ik. 
nunithn,  *nd  (he  contrmry,  ii  obviou*  ;  for  it  becoBu 
insemibte  whenever  the  distsnce  it  wntible,  sod,  oa  tin 
ether  hkixl,  becomes  exccedinfly  great  when  the  4i>> 
ttnee  is  cKceedingl^  diminished.  Bui  ibe  pinicabt 
rate  which  thii  variation  follows  is  mil  nnknowa,  n 
«•  hive  no  fBMhod  of  nieasuiiDg  either  the  dislaneetM 
wbich  it  Bcti,  or  its  reUlivc  intensity  at  these  diuastn, 
Some  hkve  suppoaed  that  it  follows  a  greater  ratio  tlua 
, — ,  and  thai  it  diinini^e&  at  least  *s  — ^  if  not  ajtoot 

freater  rale.  But  their  reasoning  has  dependad  illfr 
gether  npoo  the  supposition,  that  the  particles  of  bodiH 
Aniied  by  affinity  ve  in  actual  contact,  and  Iom*  in 

•  Sarce,  or  at  least  a  considerable  patt  of  it,  if  we  sappcM^ 
what  Mcms  aclnslly  to  be  the  cate,  thai  even  llica  ibw 
panicles  are  at  a  distance.  Othcri  have  supposed  Am 
the  intcniity  of  affinity  varies  inversely  as  Um  i^Mlt 
ef  the  distance,  resting  chiefly  tipon  the  aoaio|;yof  Ki> 
ijble  attraction,  which  follows  that  law.  Thisitett- 
tunly  a  kind  of  prc^umplion  in  favour  of  the  opinin, 
•cd  it  must  be  allowed  that  no  sufficient  arfuoiciili 
liave  been  advanced  to  prove  (hat  ihis  law  is  iacoa^ 
tible  with  the  phenomena  of  affinity.     But  oritber,  as 

'  ^e  other  hand,  has  any  thing  like  proof  been  adnfe 
ced  to  thow  that  aAiniiy  actually  varies  according  Is 
that  law.  The  truih  it,  that  at  present  the  aubject  ii 
beyond  the  reach  of  philosophy.  We  mutt  ibenlan 
cnspend  our  judgment  altogether  till  future  disogvetid 
put  it  in  our  power  to  determine  the  point. 
"    IS.  Affinity,  then,  agrees  with  Motible  Utnenoa  it 


rery  point  which  it  has  been  hitherto  possible  to  dc-   ,  Pt"p-\ 

minr.     Like  sensible  attraction,  it  increases  with  the 

ia.n,  and  diminishes  as  the  distance  augments  ;  eonse- 

lently  we  arnsl  conclude  that  attraction,  wheihef  it 

E  sensible  or  insensible,  is  in  all  cases  the  same  kind  of 

irce,  and  regulated  by   precisely   the   same  general 

tw». 

We  have  seen  that  sensible  sttracHon,  though  in  nil 
Ises  the  tame  iind  of  force.  Is  not  always  the  vrry  lame 
Irec  ;  for  though  the  mass  and  the  distance  of  two  bo> 
'tt  he  equal,  the  absolute  force  by  which  they  are  al- 
■cted  towards  each  other  by  gravitation  is  not  equal' 
I  the  force  by  which  ihcy  ate  attracted  towards  each 
9l«T  by  magnetism.  The  forces  of  sensible  aliraetion 
W  three  in  number,  namely,  gravitation,  magnetism, 
id  electricity  ;  the  first  is  always  the  same  when  ih« 
ms  and  distance  are  the  same,  bnt  the  two  last  vary 
m  when  the  mass  snd  distance  continue  unaltered. 

The  forces  of  affinity,  though  also  the  same  in  kind,  Affinrtrn- 
re  atill  more  numerous  than  those  of  sensible  aitrac-  J^^L*" 
OH  ;  for  instead  of  three,  they  amount  to  as  many  as 
lerc  are  heterogeneous  bodies.  The  rate,  indeed,  at 
*ieh  they  vary  when  the  distance  of  the  attracting 
sdies  increases  or  diminishes,  is  prob;ibIy  the  same  in 
B,  and  so  is  also  their  variation  as  far  as  it  regards  the 
tavs.  But  even  when  both  of  these  ctrcumsiances,  as 
tr  as  we  can  estimate  them,  are  the  same,  the  affinity  of 
iro  bodies  for  a  third  is  not  the  same.  Tbns  barytes 
ts  a  stronger  affinity  for  sulphuric  acid  than  potash  has : 
tr  if  equal  quantities  of  each  be  mixed  with  a  small 
i>rtioa  of  sulphnric  acid,  the  barytes  seixes  a  much 
reatcr  piroporiion  of  the  acid  than  the  potash  does, 
ttts  difference  in  intensity  extends  to  particles  of  all 


U^  bod&et;  fin:  there  are  ecaroelj anj  two  bodici  vbott 
perddes  have  precise^  the  saae  aflfau^  liorathii^ 
and  acaroclj  any  two  bodief,  the  pavticlcs  of  cadi  oC, 
which  ^ere  together  with  exactly  the  ^ame  fiocoe. 

.  It  it  this  dificreoce  in  intensity  whidi  canrtitnira  lb 
^UMt  important  duuracterutac  mf^^qf jafinitj^  and.wUck 
explains  the  different  decompositioos  and  changea  nMck 
Ma  body  occasions  in  others. 

•  Thus  it  appears  at  first  sigh^.that  th^^  are  ai  ani 
different  affinities  as  there  are  bodieai.  and.  Aat  afiai^ 
^listesd  of  being  one  force  Uke  gimvatatiafiv  whidi  is.st 
^ays  the  same  when  the  circnmitancca  aisc  ihesan^ 
Qonsists  of  a  variety  of  different  ibroes*  xagnlaiad^  i^ 
deed,  by  the  same  kind  of  law%  but  all  of  them  di|k 
rait  from  each  other*  These  affinitiet  do  notvvyJiks 
magnetism  and  electricity^  thoogh  the  Jiiaaa  oooliaaci 
t^  same,  but  are. always  of  equal  intensity  when  oihcr 
circumstances  are  equaL  Hence  it  is  re^iaooable  tooa»> 
dude,  that  these  aflinities  cannot,  like  magnetiam .  md 
electricity,  depend  upon  peculiar  fluids,  the  quantity  of 
which  may  vary  i  but  that  they  arc  permancDt  foccei^ 
inherent  in  every  atom  of  the  attracting  bodiea« 
.  13.  It  is  very  possible  that  this  variation  of  inteasi^i 
which  forms  so  remarkable  a  distinction  between  aft* 
nity  and  gravitation,  may  be  only  apparent  and  not  reaL 
For  even  in  gravitation  the  intensity  varies  with  ths 
distance  and  the  mass,  and  the  same  variation  holds  in 
affinity.  But  as  the  atuaction  of  affinity  acts  upon  bo- 
dies situated  at  insensible  distances  from  each  other,  it 
is  evident  that,  strictly  speaking,  we  have  no  means  of 
ascertaining  that  distance,  and  consequently  that  it  may 
vary  without  our  discovering  the  variation.  But  every 
^ch  variation  in  distance  must  occasion  a  corresjpoQ^p 


iriaiion  in  the  intensitj^  of  iLe  attracltng  force.  It 
MAjr  hff  thcD,  thut  barjtcs  attracts  sutphnnc  acid  with 
fTvater  intensity  than  potash,  because  the  particles  of 
barytcs,  when  they  act  upon  the  acid,  ate  at  a  smallcc 
diaunce  from  it  than  the  particles  of  the  potash  are. 

But  it  may  be  ai>ked,  Why,  if  batyies,  potash,  and  OwinKpct. 
•lilpburic  acid,  arc  a|]  miied  logcilier  in  water,  the  par-  g^'^Oie 
tides  of  potash  do  not  appcoacb  as  neat  the  acid  as  I™"''**- 
those  of  the  barytes,  since  they  are  both  at  liberty  to 
act  f  To  this  it  may  be  answered,  that  in  all  probabi- 
lity they  do  approach  each  of  them  to  the  same  appa^ 
rtvt  distance,  (if  the  expression  be  allowable),  but  that, 
notwithstanding,  their  r^a/ distance  may  continue  diffe- 
reot.  The  particles  of  bodies,  how  minute  soever  we 
.suppose  them  to  be,  cannot  be  de&tilule  of  magnitude. 
They  must  have  a  certain  length,  breadth,  and  thick- 
ness, aad  iliercfoie  must  always  possess  some  parliculsr 
figure  or  oilier,  These  panicles,  indeed,  are  a  great 
deal  100  mimtlc  for  us  to  detect  their  shape ;  but  still  it 
is  ceriajn  that  they  must  have  some  shape.  Now  it  ii 
ivery  conceivable  that  ibe  particles  of  every  particular 
body  may  have  a  shape  peculiar  to  themselves,  aud 
differing  from  the  shape  of  tlte  particles  of  every  other 
.body.  Thus  the  particles  of  sulphuric  acid  may  have 
one  ihape,  those  of  barytes  another,  and  those  of  potash 
.•  third. 

Bnt  if  the  particle)  of  bodies  have  length,  breadth, 
■od  thickness,  we  cannct  avoid  conceiving  them  as  com- 
posed of  an  indeterminate  number  of  siill  more  minute 
particles  or  atoms.  Now  the  tifRiiily  of  two  integrant 
particles  for  each  other  must  be  the  sum  of  the  altrac- 
tJons  of  all  the  atoms  in  each  of  these  particles  for  ail 
the  atoms  in  the  olhci  r  But  the  sua  of  these  atliactioijs 
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*»*'n.  ttoft  depend  o{Km  the  tiatnber  dffttMcfiiig  MMH^  III  I  ^ 
upon  the  diittnce  of  these  itoflM  firon  each  slkcff  vb 
tpectivelj ;  and  this  dinaiice  ami  iitptmt  nptik  ik 
Hgnre  of  the  ptrtieles*  For  It  ii  dMnmig  tfntif  t«i 
pAfticles,  one  of  which  it  t  letrabedrto  ftiil  fhe  nAm\ 
eabe»  lod  which  contain  the  tame  imflibtir  ttf  alMlit  It 
placed  at  the  same  rdattve  distance  frn«i  A  ahlyii 
fide,  the  sum  of  the  distances  of  aB  Ae  nlimia  df  M  In 
particle  fVom  all  th^  atons  of  the  third  psrticlei  wBlle 
Icsi  than  the  torn  of  the  distances  of  nil  A^  nlontorf 
the  second  particle  fh>in  those  of  the  third.  C&ni 
"gently,  in  this  case,  though  the  apparent  disMBoetfAi 
panicles  be  the  same,  their  tval  dislnnee  is  difkiMi 
tnd  of  course  the  cnbe  will  attract  the  fbird  paitth 
nM>re  strongly  than  the  tetrahedron )  that  la^  it  wttlils 
a  greater  sfBnitj  for  it  than  the  tetrahedraft. 

Bnt  if  the  particles  of  bodies  difler  horn  cndb  ate 
in  figure^  they  may  difR?r  also  in  density  and  In  Ite) 
and  this  must  also  alter  the  absolote  fbroe  of  aSmlfi 
even  when  the  distances  and  the  i^ure  of  the  nttiaUiBi 
panicles  are  the  same.  The  first  of  tlMae  two  csmn* 
stances  indeed  may  be  conndercd  as  a  differeaec  ia  Ae 
anass  of  the  attracting  bodies,  and  thereCoee  mmf  hed^ 
tvcted  by  the  weight  of  the  aggregate ;  bm  Ae  WK^mtf 
though  also  no  leas  a  rariatton  in  the  aanaa,  caanel  Is 
deteited  by  any  such  method,  though  its  effect  open  din 
strength  of  aSniiy  may  be  very  coPsideraMe. 

There  is  no  doubt  that,  upcn  the  sappositkwi  Aat 
sncb  differences  in  the  figure,  density,  and  sisc  ef  Ae 
attracting  panicles,  really  csist,  and  it  is  in  the  behest 
degree  probable  that  they  do  ewt,  the  TmriadoBin  i» 
tcnsitT  which  characterises  chemical  aSnitr  wmr  be 

■  mm 

accouBicdfar^  without  sufyaiiisf  tibat  tbe  iniansity  tf 


fmtmilj,  at«  force  in^crent  in  ihc  ultimate  particl«  or  ^^P-^ 
sioots  of  bodies,  is  r»t1y  diflerrat.  The  nme  thing 
may  be  applied  lo  elcciriciiy  and  tnagDcUsm.  It  is  cer- 
taiolf  poB&ible,  thcrtforr,  that  attraclion,  both  sensibte 
md  insensible,  may  not  only  vary  at  tbe  same  rate,  and  M«t  '*_' 
according  lo  the  smne  laws,  bnt  be  absolutely  the  same  gnvinti 
Ibrce  inherent  in  the  atoms  of  matter,  modified  merely 
by  ibe  nnmber  and  siinaiioii  of  the  attracting  atoms. 
Xbia  is  certainly  potsible  ;  and  it  must  be  allowed  that 
at  coftesponds  well  with  those  notions  of  the  sitnplicilj 
of  KetUTc  in  which  we  are  accustomed  to  indulge  ont- 
aetves.  But  the  troth  is,  that  we  are  byno  Acaas  good 
judges  of  the  simplicity  of  Nature ;  we  have  bot  an  im- 
perfect glimpse  here  and  there  through  the  veil  witfi 
wbich  her  operations  are  covered  ;  and  from  the  tkv 
points  which  we  see,  We  are  constantly  forming  conjec- 
tures conceroing  the  whole  of  the  machinery  by  which 
^ese  operations  are  carried  on.  Superior  iMings  smile 
at  our  theories  as  we  smile  at  the  reasonings  of  an  in- 
fant ;  Kid  were  the  veil  which  conceals  the  machine 
fiom  our  view  to  be  suddenly  withdrawn,  we  ourselves, 
io  all  probability,  would  be  equal)  j  astonished  and  coit- 
fouoded  at  the  wide  difference  between  our  thcoiies  and 
coojcciares,  and  the  real  powers  by  which  the  machioerj 
cf  the  universe  is  moved.  Let  us  not  therefore  be  too 
precipitate  in  drawing  general  concluuons;  but  let  na 
rather  wait  with  patience  till  future  discoveries  enable 
BS  to  advance  farther  ;  and  satisfy  ourselves  in  the 
loean  time  with  arranging  those  laws  of  afiinity  which 
bare  been  ascertained,  without  deciding  whether  it  b« 
the  game  force  with  gravitation,  or  a  different  one. 

14'  The  charactctisiic  mulu  of  affioit;  may  be  re* 
ioced  W  the  three  fdJawing  : 


I 


#98  Anmirt. 

I.  It  acts  •nljr  at  inaeasiUe  dittancMp  ud  of  ooant 
affects  only  the  partides  of  bodies* 

II.  This  force  is  ahvays  the  same  in  the  same  pntU 
desy  but  it  is  difierent  in  different  partides* 

III.  This  dificrenoe  is  modified  coniidcrably  by  tbe 
mass.  Thus  though  A  have  a  greater  affinity  fn  C 
than  B  has,  if  the  mau  of  B  be  oonsidembly  increaifil 
while  that  of  A  remains  nnchaaged»  B  becomes  capsMc 
of  uking  a  part  of  C  from  A* 

But  in  the  present  state  of  chemi^trf  general  rcasos* 

.  ing  can  lead  us  but  a  very  little  way.  It  will  be  d 
more  importance  to  take  a  particular  view  of  the  difc 

.rent  combinations  which  the  different  sabsteneea  ds. 
acribed  in  the  preceding  part  of  this  Work  are  capshie 
of  forming,  arranged  according  to  the  three  great  dasm 

.  of  jax#/,  hquiis^  and  /o£idr.    This  will  be  ib^  salqM 

.  of  the  three  following  Chapters. 
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CHAP.  II. 


OF   GASES. 


Chip.  If. 


7ks  gMft  'Ve  a  very  namerous  dan  of  bodies  Hi* 
-  inciiig.  gicatlj]  firom  ei^  ojtber  in  their  chemiod  prop<^- 

i|toa^-iS<MDe  ajrCiUddy  as  qurboaic  acid ;  some  alkfiUai^ 
..«ajmnaDia;.8Qiiie  are  combustible  as  hydrogen  ^  Mf>^ft 

jqppoQters  iif  combui^ooy  as  oxygeD,  fiu;. :  but  hqw« 

«j<ver  .diferoit  in  other  xeiipectd^  they  a)l  agree  in  tbfit 

*. aerial. fonn,  to  that  peculiar,  kiod, of  .elasticity,  wl\ioh 
constitates  them  gases.  We  shall,  in  this  Chapter^  oqoa 
aider  how  far  this  aerial  form  aflG^rts  and  modifies  t|pe 

^  combioations  into  which  they  enter  with  each  other^.  and 
mth  the  cemainiog  classes  of  bodies.  But  this  in^oijcy 
presupposes  a. knowledge  of  the  constitution  of  gueous 
hedits,  a.  subject  which  .we  must  therefore  discuss  in  tfft 
first  place.  We  shall  afterwards  consider  the  mixture 
of  gases  with  each  other,  and  their  .combinations  wilh 

,  gases,  with  liquids,  and.  with  solids.  The.  sulqect,  of 
course,  naturally  divides  itself  into  five  heads »  namely^ 

1.  The  constitution  of  gases* 

2.  The  mixture  of  gases  with  each  other. 

3.  The  combination  of  gases  with  each  others 
.  4.  'The  combination  of  gases  with  liquids. 

5.  /The  combbatioQ  of  gases  with  soljds. 
/These  shaU  be  the  subject  of  the.five  fdlowiog  Sections. 
r^III.  Ee 
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Book  III. 


SECT,  I. 

OF  THE  COKSTXTtJTlOK  OF  OASES. 

It  has  been  proved  by  mechanical  philosophcrsy  dm 
gaseous  bodies  wcf^Jbtids  ;  that  they  yield  to  the  smaUm 
impression,  and  have  their  parts  easily  mevcd  j  thatk- 
sides  the  properties  which  they  have  in  coasinoB  vnb 
liquids,  they  possess  one  peculiar  to  themaeives,  oave* 
ly,  elasticity  ;  in  consequence  of  which^  they  naj  k 
forced  to  assume  a  smaller  bulk  by  pressure,  but  asioai 
as  the  force  which  confined  them  isremovcdt  they  spin 


Gtaetclat*    xvsume  their  former  volume.     If  from  a 

With  water  one-half  of  the  liquid  be  taken,  the 
'  i^g  portion  will  fill  only  one^half  of  the  vessel ;  bst 
this  is  not  the  case  with  air.  If,  by  any  ccmtrivanoc^  we 
'take  away  one-half  of  the  air  contained  in  a  veasel^  the 
other  half  immediately  expands,  and  still  continiMS  ts 
fill  the  vessel.  l*he  same  thing  happens  if  vre  takea- 
way ^ths,  4[th9,  tVc^^  P^rts,  &c.  of  the  air  ;  the  sanD 
portion  which  remains  always  expands  so  as  to  fill  the 
Tessel.  Nor  has  any  limit  to  this  expansion  been  bi* 
therto  discovered.  A  good  air-pump  will  easily  raicfy 
air  to  300  times  its  former  bulk ;  while,  on  the  other 
Aand,  we  may  readily,  by  means  of  a  condenser,  reduce 
air  to  -r^th  of  its  usual  bulk.  Thus  the  bulk  of  air 
may  be  easily  increased  or  diminished  3000  times.  In- 
deed the  experiment  is  said  to  have  been  carried  as  far 
as  3,000,000  of  times.  I  am  not  acquainted  with  any 
accurate  set  of  trials  hitherto  made  which  warrant  that 
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conclusion,  though  tliere  does  not  appear  to  be  any  rea-     Chtp»n» 
son  for  doubting  the  possibility  of  it  *. 

This  unlinaitcd  change  of  bulk  which  gaseous  bodies 
are  capable  of  undergoing;  has  led  mechanical  philoso- 
phers to  conceive  them  as  composed  of  particles  or  a- 
/offiv  which  do  not  touch  each  other>  which  mutuallj 
repel  each  other,  and  which,  therefore^  unless  prevented 
hj  the  pressure  of  the  surrounding  bodies,  would  Irecede 
frofn  each  other, to  an  indefinite  distances 

Boyle  ^soertaioed  by  experiment,  that  the  diminution  jsbmiatf  st 
€>f  ,bolk  ^  air  is  always  prpporiional  to  the  pressure^  ^  ^"^ 
and  th^  increase  of  bulk  to  the  diminution  of  pressure^ 
or;  in  gtnehi^  that  the  bulk  of  air  is  inversely  as  the 
^•Mure  whidi  it  sustains.  Thus  air  at  the  earth^s  sur« 
fM«  sustains  a  pressure  equal  to  the  weight  of  the  incam* 
■  ^leot  atnoosphere^  which  is  nearly  equivalent  to  a  co» 
lomn  of  mercury  30  inches  in  height*  If  we  double 
this  pressure,  we  reduce  the  bulk  of  the  air  to  one-half; 
if  we  triple  i^  to  one-third ;  and  so  on.  If  we  remove 
ODC-balf  6f  the  pressure,  we  double  the  bulk  of  the  air$ 
if  we  remove  nine-tenths  of  the  pressure,  we  increase 
the  bulk  ten  times  f.  The  same  result  was  obtained 
by  Mariotte  and  by  other  philosophers. 

Sir  Isaac  Newton  demonstrated,  that  if  this  law  be  UepMm 
coneci^  then  the  force  by  which  the  particles  of  air  re-  pJJJ^S^ 
cede  from  each  other^  increases  or  diminishes  at  the  same  f**ef  m  ^. 
rate  that  the  distance  between  the  centres  of  the  parti« 
des  or  atoms  of  which  it  is  composed  diminishes  or  in- 


*  The  older  philotophert  were  mnled  in  their  cakuUtioos  on  this 
•obfect  bj  DOC  accendiog  to  the  effect  of  aioiitBic. 
f  Shaw't  Jkjl€^  u,  671. 
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Book  III.     creases  ;  or,  wliich  is  the  same  thing,  that  the  repolt'ot 
between  the  particles  of  gaseous  bodiea  is  always  in- 
versely as  the  distance  of  their  centres  from  each  other*. 
Binaacein-       Now  the  distance  between  the  cenrres  of  the  atoms 
thTcBhc*      ^^  elastic  fluids  alwajs  varies  as  the  cube  root  of  their 
toot  of  the    difisity^  taking  the  word  in  its  common   acceptation. 
Thusy  if  the  density  of  air  under  the  mean  pressure  of 
the  atmosphere  be  supposed  1 ;  if  it  be  forced  into  {ih 
of  its  bulk,  its  density  becomes  8.     In  these  two  cues 
we  have  the  distance  between  the  atoms  of  air  inverse* 
)y  as  the  cube  root  of  1  to  the  cube  root  of  8,  or  as  1 
to  2.     So  that  if  air  be  compressed  into  -J-th  of  iu  balk, 
the  distance  between  its  particles  is  reduced  to  ooe^hilfy 
and  of  course  the  repulsion  between  them  is  doubled. 
If  air  be  rarefied  300  times,  we  have  its  densitj  reduced 
to  ^i^th  of  that  of  common  air.      Here  we   have  tlie 
distance  between  the  atoms  of  common  and  the  rarefied 
air  as  ^\/l :  'V^OO,  or  nearly  as  1  : 1.      So  that  when 
air  is  rarefied  300  times,  the  distance  between  its  parti, 
cles  become  almost  seven  times  grenter,   and  of  course 
their  repulsion  is  diminished  almost  sevenfold. 
Some  gates         2.  Such  is  the  opinion  at  present  cnterrained  respecU 
tEc*^***!         '"E  ^^*^  constitution  of  gaseous  btijies.     TVe   experi* 
of  Tapour*.    iTicnts  on  which  it  is  founded  uere  made  almost  exclu- 
sively on  atmospherical  air,  and  they  have  been  expend- 
ed from  analot;y  to  other  gaseous  bodies.    This  a'  alo^j 
holds  in  many  instances  exactly,  as  has  been  asf:^n;:lntd 
by  recent  cxficrinicnts;  but  in  some  few  guses  it  fails  to 
a  certain  txtcnt. 

No  degree  of  compression  has  been  found  capable  of 
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producing  anj  change  in  the  constitution  of  air ;  as  soon    Chap.  IL^ 

as  it  is  removed^  the  air  resumes  its  original  bull^,  and      *^*  - 

has  lost  nothing  of  its  elasticity.     But  iipon  some  gases 

the  effect  of  violent  compression  is  to  reduce  them  to 

the  state  of  liquids^  or  even  ofsoUds.    These  gases  are 

of  course  intermediate  between  vapours  and  airs^  strictly 

SO  called. 

Heaty  as  has  been  explained  in  a  preceding  part  of 
this  Work,  has  the  property  of  increasing  the  elasticity 
of  gases^  while,  on  the  contrary,  cold  diminishes  their 
«lasucitjr«  ^o  (degree  of  cold  hitherto  appliiMi  has 
any  effect  in^altermg  the  constitution  of  air  "i~  out  np- 
on  some  of  the  other  gases  it  acts  so  powerfully  as  to 
reduce  them  to  the  state  of  liquids,  or  even  of  solids. 
These  eases  are  the  same  that  are  ai^cted  by  compres- 
aion,  and  doubtless  for  the  same  reason. 

3.  The  gases  are  probably  very  niimerous ;  but  Ao^ 
hitherto  examined  with  accuracy  amount  only  to  21. 
Of  these,  five  are  still  undecompounded ;  the  rest  are 
known  to  be  compounds.     The  following  Table  exhi-  Lin  of  g»* 

bits  a  list  of  all  the  gases  known,  arranged  according 

,»•'     ■••,  ■•'.'■i»i.   »i.    •»•         .,     ^ 

to  their  compontion,    I  include  among  theni  the  vapotir 

of  water,  of  alcohol,  and  of  et^er ;' three  vapours  which 

^serve  attention,  and  which  will  assist  us  in  examining 

the  nature  of  various  bodies  considered  as  easeous. 

I.    SiMFLE  Gases. 

1.  Oxygen  4*  Muriatic  acid 

2.  Hydrogen  5*  Fluoric  aad 

3.  Azote 

11.    Compound  Gases. 

a.  Simple  gases  combined. 
d.  Steam  '    '^  "  7.  Nitrous  oxide 
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Book  lii.^         g.  Nitrous  gas  11.  Oxjnmriatic  add 

0.  Nitric  acid  12.  Hjperozjiiilimtic  tcid 

10.  Ammonia 

i.  Oxjgtn  and  a  solid  bate. 

13.  Carbonic  oxide         15.  SQlpborobs  acid 

14*  Carbonic  acid 

•    • 

c.  Hjdrogen  and  a  solid  base. 

16.  Carbureted  hydrogen  10.  Solpboreted  hjdrogca 

17.  defiant  gas  20.  Arsenical  hydrogen'  ^* 

18.  Pbosphnreted  hydrogen 

J.  Triple  or  qoadrople  oompoonds. 

•'%     .  ■  '■     ■•  ■  ■     , 

21.  Prussic  acid  23.  Vapour  of  alcohol 

^.  Vapour  of  ether 


4.  The  gaseous  bodies  are  all  invisible^  or  traatparent 
and  incapable  of  reflecting  the  rays  of  hght,  except  two : 
namely,  ozy muriatic  acid  and  hy per oxy muriatic  add, 
which  have  a  yellowish  green  colour.  But  these  two 
approach  very  nearly  to  the  nature  of  vapour ;  a  mode- 
rate pressure  and  a  cold  not  greater  than  36^  being  so£* 
fipient  to  convert  the  first,  and  probably  also  the  second, 
into  a  solid  or  liquid.  When  gases  very  diflferent  in 
specific  gravity  are  mixed  together,  they  become  visible, 
pretty  much  in  the  same  way  as  when  liquids  oi  differ- 
ent specific  gravities  are  mixed  together.  Tbua  when 
a  great  quantity  of  carbonic  acid  is  poured  at  ooce  into 
air,  it  becomes  very  visible. 

5.  The  difference  between  the  specific  gravity  of  the 
gases  under  the  same  pressure,  and  at  the  same  lempe- 
ratuce,  is  much  greater  than  that  which  exists  between 
most  liquid  bodies.     The  following  Table  exhibits  the 
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lensit/ and  the  weight  of  100  cubic  inches  of  ail  the    ^Chaf.IL 
;ases  at  the  temperature  of  60^,  and  when  the  baro- 
deter  stands  at  30  inches^  supposing  the  specific  gra- 
itj  of  common  air  1*000,  and  |bc  wcjgbt  of  l  OQ  indues 
f  it  31  grains  tcoy  * 

GAttf .  Specific  of  i6b' 

•  '  '  GraTUf.   .     iKlm.  'I 

Air,,.,;.. >...««%.«V000«.*«;.3r0O  T*^*««*. 

*  their  fpeci* 

Ozymuriatic  add  •••••.^•^^••r.t^'766 S5*d4  fie  gnmtj 

Nitric  acid  ...•. 2-427..,t.,75-25  ^  ""^^ 

Sulphurous  acid*««..,.,...*f«.»«.3*205v«**?P'f  1 .. 

Vapour  of  ether  t 2*25Qf  ••:#*.ep*75 

Vapour  of  alcohol  t  .••^••^.^•^•2*100.«**.«65ao 

ASiiriatic>acid.^..M  •••«•* ••••l*929f.«««^'90 

Hjperoxymuiiatic  acid  ••;••••••   -—  •••••«   r-~ 

Fluoric  acid»..«« ^..m* —  ••«•••    -^ 

Nitrous  oxide* ••••••I-003«.«.».i9*XI9 

Catbonic  acid S  ^•^^•.•^46-50 


^24«».^.47*20t 

iq0..^«..34*29 

236......38*32 


Sulphureted  hydrogen*..,*,  j 

Oxygen \  ll03-M-34ld 

C  l*0g0..«...33*82t 

.Nitrous  gas l*og4. •  •  •33;92 

Axote •• 0*978..«.30*34 

Carbonic  oxide ••.«••  0'950« •  •  •29*04 

Okfiantgas ••••.••  0*909.  ••.28*18 


BSteOSBSS' 


*  The  eiperiments  on  which  thii  Ttble  if  founded' ht^  beOi  detailec! 

the  preceding  part  of  thi»  Work  '     " 

t  According  to  the  fecestexperimcnlt  q£  Mr  OaUoa. 

I  Bf  thi^  late  eaperiaieiita  of  Allen  and  Pepyi. 
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GAtit.  spMiifc        4ru» 

Stetm. • triQO.m.  .21*70 

Ammonia •••••••••  •  .O'COfl.  •  ••  t0*i7 

Carbureted  h  jdrogea  ••••••••  0*600  •  •  •  •  ]  8*60 

Arsenical  hydrogen •  •  .0*529  •  •  •  •  16*40 

Phosphureted  hydrogen. •••••   *-    ••••    «- 

Phisiic  acid«.«« ••••••    -*    ••••    — « 

Hydrogen ,•• 0*084.«»«  2*61 

Nitric  add,  in  the  state  of  Tapoar^  it  no  leas  tiuni  M} 
times  heavier  than  hydrogen  gas. 

6.  This  difierence  between  the  density  of  tlw  gaicsi 
while  their  elasticity  it  the  same,  most  be  tawng  t»  one 
of  two  causes  :  Either  the  r^fmUvt/^rii^  or  tke  wi^ 
of  the  atomsytlillers  ifr  diAerent  gases.  Tlie  first  aofpo- 
sition  is  by  no  metns  probable^  svpposiag  di^  tixe  and 
weight  of  the  pariides  of  difierent  gates  the  anflie,  and 
indeed  wonld  but  ill  agree  with  the  analogy  of  oMnre; 
but  the  second  is  very  likely  to  be  the  true  cause.  And 
if  we  suppose  the  size  and  weight  of  the  atonas  of  dif- 
ferent gases  to  differ,  this  in  reality  includes  the  first 
cause  likewise  ;  for  every  variation  in  size  and  wdght 
must  necessarily  occasion  a  corresponding  variation  in 
the  repulsive  force,  even  supposing  that  force  abaCract- 
cdly  considered  to  be  the  same  in  all. 
I>iItQn*t  We  have  ^o  direct  means  of  ascertaining  the  weight 

^^2^^^^  of  the  atoms  of  bodies ;  but  Mr  Dalton,  to  whoae  nn- 
1^  weigfac  common  ingenuity  and  sagacity  the  philosophic  worid 
cams  of  is  no  stranger,  has  lately  contrived  an  hypothesis  which, 
if  it  prove  correct^  will  furnish  us  with  a  very  simpk 
method  of  ascertaining  that  weight  with  gremt  prcciaieB. 
Though  the  author  has  not  yet  thooght  fit  to  publish 
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kis  lijpotbesif,  jtt  ss  the  notions  of  vfhieh  it  consUtii  Q^a^g- 
ai^  originiLl  iMid  cattrcmdiy  intertsting»  and  as  thiey  are 
intittatelj  connected  with  some  o£  the  naost  iiitrioate 
parts  of  the  doctrine  of  affinity,  I «  have  venluredf  wit(^ 
Mr  Dalton^s  ^ermissioD,  to  esrich  this  Wotk  with  it 
short  sketch  of  il  *-• 

The  hypothesis  upon  which  the  vholt  of  Mr  Jialr 
ton's  notions  respecting  chetnical  elements  is  founded^  |s 
this :  When  two  elements  unite  to  form  a  thifd  sub* 
stance,  it  is  to  be  presumed  that  our  atom  of  one  joins  to 
one  atom  of  the  other,  unless  wbcd  some  reason  can  be 
nssigned  for  supposing  the  conttasy*  Thus  oi^ygeii  and 
hydrogen  unite  together  and  form  vraler.  Wc'sr«  tp 
yresuBie  that  a  particle  of  water  is  formed  by  thsi  pOfPf* 
lunation  of  cm  atom  of  oxygen  wkh  •««  atom  of  bydfo^ 
-gei*  If  we  represent  an  atom  of  ozygea^  hydrogSB, 
and  mwaitf  by  the  following  symbok, 

Oxygen  •  •  •  .O 
Hydrogen.  •  .0  ^ 

«  Azote Q 

*  ThM  a  partiole  of  water  will  be  vepcesented  by  the  £»!• 

4owing  symbol : 

Water  .  .  .  .  QQ 
Sut  if  this  hypothesis  be  allowed,  it  famishes  us  wiih  a 
ready  method  of  ascertaining  the  rdatire  weight  of 
those  ^toms  that  enter  into  such  .combinations  ;    for  4t 


"S*  Mr  DalioB  hu  not  yet  publiihed  a  det^ikd  jtccouBt  «f  hit  hypothetii, 
though  he  has  noticed  It  In  the  ist  Volume  of  hit  New  Sjtttm  •/  Cltml* 
gal  Philtstfij,  puhllthed  in  1808.  The  lull  eftpUuation  it  rescrvedfbr 
the  tecond  volume  (tf  thtt  ¥^k,*wlilcli  hi»  otit  -^ct  made  itt  appear^ 

ance. 
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Book  III,  has  i)een  proved  by  analysis,  that  water  is  composed  of 
85t  of  oxygen  and  14-y-  of  hydrogen.  A  portideof 
water  of  course  is  composed  of  85y  parts  bj  weight  of 
oxygen  and  I4f  parts  of  hydrogen.  Npw^  if  it  consist 
of  one  atom  of  oxygen  united  to  one  atom  of  hydrogeo^ 
it  follows  that  the  weight  of  oine  atom  of  hydrogen  is 
to  that  of  one  atom  of  oxygen  as  14x  to  85y9  or  as  |  ts 
G  very  nearly.  Thus  we  have  obtained  the  fpDfomja^ 
relative  weights  of  these  two  elementary  .bodice* 

Hydrogen  .  •  •  .  l 

Oxygen 0 

To  find  out  the  weight  of  an  atom  of  axote,  wo  may 
examine  its  combinations  with  oxygen.  But  nzote  anf 
oxygen  unite  in  various  proportiooa»  fomaing  nitnqs 
oxide,  nitrous  gas,  and  nitric  acid,  besides  aome  odycr 
compounds  which  need  not  be  enumerated. .  The  pn- 
ceding  hypothesis  will  not  tpply  to  alf  t)iese  copnpjDimds;. 
Mr  Dalton,  therefore,  extends  it  farther.  Whenever 
more  than  one  compound  is  fornied  by  the  combination 
of  two  elements,  then  the  next  simple  combination  mns^ 
he  supposes,  arise  from  the  union  of  qtuf  ntom  of  the 
one  with  two  atoms  of  the  other.  If  we  suppose  mirmi 
gas,  for  example,  to  be  composed  of  ont  atom  of  azote 
and  one  of  oxygen,  we  shall  have  two  new  compounds^ 
by  uniting  an  atom  of  nitrous  gas  to  an  atom  of  azote, 
and  to  an  atom  of  oxygen,  respectively.  If  we  snppose, 
farther,  that  nitrous  oxide  is  composed  of  aa  atom  of  ni- 
trous gas  and  an  atom  of  azote,  while  nitric  acid  con* 
sists  of  nitrous  gas  and  oxygen,  united  atom  to  atom ; 
then  the  following  will  be  the  symbols  and  constitu- 
ents of  these  three  bodies : 

Nitrous  gas  • Qri\ 

Nitrous  oxide 
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Nitricacid CXDO  .Q«P»^ 

The  first  gas  consists  only  of  two  atoms,  or  is  a  binary 
compoondy  but  the  two  others  consist  of  three  atoms» 
or  are  ternary  compounds  ;  nitrous  oxide  contains  tw6 
mtotns  of  azote  united  to  one  of  oxygen,  while  nitric  zL 
cid  consists  of  two  atoms  of  oxygen  united  to  one  of  a- 
zote. 

When  the  atoms  of  two  elastic  fluids  join  together  to 
orm  one  atom  of  a  new  elastic  fluid,  the  density  of  this 
new  compound  is  always  greater  than  the  mean.  Thus 
the  denst^  of  nitrons  gas,  by  calculation,  ought  only  io 
be  1*045 ;  but  its  real  density  is  1*094.  Now  as  both 
nitrous  oxide  and  nitric  acid  are  specifically  heavier 
thatf  nitrous  gas,  though  the  one  contains  more'  of  the 
lighter  ingredient  and  the  other  more  of  the  heavier  in- 
gredient than .  that  compound  does,  it  is  reasonable  to 
conclude,  that  they  are  combinations  of  nitrous  gas  with 
azote  and  oxygen  respectively,  and  that  this  is  the  rea- 
son of  the  increased  specific  gravity  of  each  ;  whereas, 
%ere  not  this  the  case,  nitrous  oxide  ought  to  be  speci- 
fically lighter  than  nitrous  gas.  Supposing,  then,  the 
constituents  of  these  gases  to  be  as  represented  in  the 
preceding  table,  left  us  see  how  far  this  analysis  wiU 
correspond  with  the  weight  of  their  elements  as  deduced 
from  the  hypothesis.  *  ^  ^ 

Nitroutf  gas  is coiAposedof  1*00  azote  and  1*36  ozy* 
gen,'  or  of  a  oxygen  and  4*41  azote.  '  This  would  make 
the  weight  of  an  atom-  of  azote  about  44* 

Nitrous  oxide  is  composed  of  2  azote  and  1*174  oxy- 
gen, or  of  6  oxygen  and  5*11-]-  5*11  azote. 

Nitric  acid  of  1  azote  and  2*36  oxygen,  or  of  0  -}*  ^ 
oxygen  and  5*08  azote. 
;   These  three  give  us  tberelative  weights  of  oxygen  and 
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Bw.k  nr.     azote  as  follows,  reckoning  the  weijbt  of  osjgcn  6  u 
■    '  before : 

Oxygen.     AtotCi 
G     :     4*41 
:     5-11 
:     5*08 
The  yre ight  of  an  atcm  of  azote,  as  deduced  from  the 
analysis  of  these  three  bodies,  does  not  come  oat  exacdj 
the  same  for  each.     Yet  the  difference  is  not  gveat,aBd 
surely  not  greater  than  might  have  been  expected  firon 
the  difficulty  of  making  such  minute  ezpcrimcnts  widi 
precision*      The  mean  of  the  whole  gives  the  weight 
of  an  atom  of  azote  4*87.     We  may  therefore  take 
5  as  a  convenient  whole  number  without  deviaiiag  far 
from  the  truth. 

On  the  supposition  that  the  hypothesis  of  Mr  Daltoo 

is  well  founded,  the  following  Table  exhibits  the  weight 

of  the  atoms  of  the  simple  gases,  and  of  those  whidiaie 

Tt^kof  the  composed  of  elastic  fluids,  together  with  the  sjmbolsof 

aoTwdght    the  composition  of  these  compound  atoms : 

of thesaKt.  Q  Hydrogen 1 

0  Azote 5 

O  Oxygen 6 

Q  Muriatic  acid 18 

QO  Water.... 7 

QQ)  Nitrous  gas 11 

(J)QQ)  Nitt-ous  oxide ia 

0\D0  Nitricacid. 17 

The  weight  of  the  remaining  gasef,  into  the  composi- 
tion of  which  the  atoms  of  solid  bodies  enter,  wiU 
come  under  our  consideration  in  a  subsequent  Section. 
I  have  purposely  omitted  the  consideration  of  am* 
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fnonta,  because  its  composition  has  hot  be^  isceitained  J^^*^ 
ivith  suffident  precision  to  admit  of  dilciilttion.  It  was 
coifsidered  as  composed  of  80  parts  azote  and  20  by* 
drogen,  and  o^  course  as  bidary  compound  of  one  atom 
of  slzote  and  one  atom  of  hydrogen.  But  the  late  expe* 
riments  of  Davy  and  Berzelius  have 'shown  that  oxygen 
is  Also  one  of  its  ^dnsticuents.  But  the  pfoportibh  of  this 
last  ingredient  is  so  small,  thatin  order  to  tnakethe  weight 
of  the  constituents  of  ammonia  tally  with  the  ntuobe^ 
deduced  above,  it  would  be  necessary  to  consider  it  as^ 
compound  of  a  considerable  number  of  atoms*  The 
subject  is  still  very  obscure,  and  not  yet  ripe  for  invet- 
*  ligation.  It  may  probably  lead  to  views  that  will  otef- 
turn  a  great  part  of  our  presently  received  Chemidil 
Philosophy.  But  as  it  does  not  materially  affect  tfat 
hypothesis  of  Mr  Dalton,  it  is  not  necessary  to  enter  np« 
on  the  Subject  here. 

7.  Philosophers  have  speculated  a  good  deal  concern-  Sj^2[ 
ihg  the  cause  of  the  elasticity  of  gaseous  bodi^.  The  ^f™**  *^ 
opinion  which  seems  at  present  most  prevalent  is,  thut 
repulsion  resides  in  the  substance  called  heat ;  that  the 
gases  are  combinations  of  this  substance  vrith  a  base  ; 
and  that  they  owe  the  permanency  of  their  elastic  form 
to  the  inUmacy  of  the  union  betV&een  the  atoms  of  the 
base  and  this  heat,  the  particles  of  which,  though  they 
repel  each  other,  are  conceived  to  have  a  strong  affinity 
for  the  atoms  of  other  bodies.  This  opinion  can  be  con- 
sidered in  no  other  view  than  that  of  a  plausible  hypo- 
thesis, as  it  is  by  no  means  susceptible  of  direct  proof. 
Were  it  well  founded,  we  might  conclude  from  it,  that 
the  elasticity  of  gases  ought  not  to  increase  precisely  at 
the  same  rate  as  their  diminution  of  bulk  ;  for  when 
air  is  compressed  forcibly,  a  considerate^  quantity  of 
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heat  18  evolved.  From  the  experimenu  of  DaltOOi 
deicribed  in  a  preceding  pact  of  this  work  \  «re  lean 
that  the  heat  evolved,  when  air  is  toddenlj  condenied 
to  half  its  bulk,  is  at  least  equal  to  50^  f  bat  the  more 
recent  experiments  of  6iot  demonstnte,  that  the  hctt 
evolved  in  cases  of  sudden  compression  of  gaseous  bodies 
h  often  much  greater  than  this.  When  a  mizture  of 
-oxjgen  and  hydrogen  gases  is  suddenly  condensed,  the 
heat  generated  is  sufficient  to  set  them  on  fire,  and  con- 
vert them  into  water.  The  experiment  wi^  made  hj 
forcibly  compressing  them  by  means  of  a  pbton  in  the 
barrel  of  an  air-gun.  The  barrel,  though  iron  and 
very  stout,  was  torn  by  the  violence  of  tlie  explosion  f* 
So  great  an  extrication  of  heat  ought  to  diminish  the 
elasticity  sensibly,  provided  the  compressioo  be  ooa- 
tinued  till  the  condensed  gas  has  time  to  cool.  On  the 
other  hand,  when  gaseous  bodies  are  rarefied,  the  di- 
minution of  elasticity  ought  not  to  follow  so  great  a  rate 
as  the  increase  of  bulk ;  for  when  air  is  dilated,  it  ab- 
sorbs heat  probably  in  the  same  ratio  as  it  parts  with 
it  when  condensed. 
Qaaatityof  8.  There  has  been  a  good  deal  of  discussion  like- 
wise respecting  the  constitution  of  gaseous  bodies  with 
respect  to  water.  According  to  some  philosophers,  the 
presence  of  a  portion  of  this  liquid  is  essential  to  the 
elastic  state  of  the  gases;  nay,  some  have  even  gone  so 
far  as  to  affirm  that  the  whole  of  the  ponderous  mat- 
ter contained  in  gases  was  water,  and  that  gases  consist 
only  of  water  combined  with  some  body  not  possessed 
of  sensible  weight,  as  the  magnetic  fluid,  the  electric 
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a  VoL  1.  p.  612.  t  FAiL  AUg.  lal  36s. 


OF  OA8E6,  4M 

fluids  Su:.    It  would  be  needlesis  Cb  eoter  partieularly   J^ap-  U^ 
into  these  opinions,  as  they  are  not  susceptible  of  proof,' 
and  have  been  proposed  merely  as  ingenious  specula*' 
tions,  or  at  the  means  of  avoiding  some  difliculty  • 

From  the  experiments  .of  SauAure  we  learn,  that 
when  common  air  ia  left  in  contact  with  water  for  a  suf- 
ficient time,  at  the  temperature  of  57^,  dry  alkalies  are 
capable  of  extracting  from  every  100  cubic  inches  of  it 
0*  35  of  a  grain  troy  of  water.  The  experiment*  of  Mr 
Daltoo  give  almost  exactly  the  same  result  $  but  D^ 
aormea  and  Clement,  at  the  temperature  of  54^,  only 
iibtained  0*236  of  a  grain  of  water  from  100  inches  of 
air»  by  passing  it  through  muriate  of  lime  *• 

Saussnre  ascertained  that  equal  bulks  of  common  air, 
hydrogen  gas,  and  carbonic  acid,  left  a  sufficient  time 
ia  contact  with  water,  at  the  same  temperature  and 
height  of  the  barometer,  afterwards  deposited  the  very 
name  weight  of  moisture  if  treated  with  dry  alkali. 
Clement  and  Dtsormes  tried  a  similar  experiment  with 
air,  oxygen,  hydrogen,  azotic  and  carbonic  acid  gases, 
and  obtained  exactly  the  same  result  f.  From  these 
experifloents  we  may  conclude  that  the  quantity  of  mois- 
torc  contained  in  gases  depetids  upon  their  bulk,  and 
Bot  upon  their  density ;  that  100  inches  of  all  gases  at 
Che  same  temperature,  and  under  the  stftne  pressure,  if 
left  in  contact  with  water,  mix  or  combine  with  the  ve- 
ry tame  weight  of  it,  or  at  least  are  disposed  to  part 
with  the  very  same  weight.  This  accords  completely 
with  Mr  Dalton's  experiments  on  the  subject. 

All  gases  in  common  cases  contain  moisture  i   for 
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^^<^"''  they  all  give  out  a  little  when  kept  in  contact  with  dij 
alkalies,  muriate  of  lime,  sulphuric  acid,  lime,  ami  ■• 
milar  substances,  which  have  a  stnmg  affinhj  fisr  wa- 
ter ;  but  when  these  substances  oease  to  act  upon  tkeaiy 
are  we  to  consider  the  gases  as  complalcljfiread  tnm 
water,  or  do  they  still  retain  a  portion  upon  which  thne 
bodies  have  no  longer  anj  efiect  ?  The  czperioNMi 
of  Dr  William  Henry  have  demonstntted  that  the  1«. 
ter  is  the  case.  He  has  pointed  out  a  method  of  dapn- 
ving  gases  of  a  considerable  portion  of^wmter  «fscr  Ih^ 
have  been  rendered  as  dry  as  possible  by  OMoaa  of  al- 
kaline salts.  When  electric  ejtplosions  were 
pass  through  muriatic  acid  gas,  dried  by  nneans  of 
riate  of  lime,  and  confined  over  mercupy,  the  bulk  of 
the  gas  diminished,  muriate  of  nMrooiy  was  fianBed} 
and  when  the  gas  was  absorbed  by  a  liqaid,  there  sb- 
niained  0  f^er  ctm.  of  hydrogen  gas.  When  the  caf^ 
riment  was  made  in  close  glass  vessels,  oxymuriatic.ariJ 
was  formed,  and  hydrogen  equally  evolved*  TUse? o- 
lution  of  hydrogen,  and  formation  of  ozymnriaticacid| 
doubtless  took  place  in  both  cases,  and  was  owing  to 
the  decomposition  of  water  which  the  dry  gasoontainad. 
It  had  a  limit  beyond  which  electric  ezplosioos  pn^ 
duoed  no  farther  effect*.  The  quantity  of  hydrogm, 
evolved  in  this  case,  indicates  rather  more  than  one 
grain  of  water  as  existing  in  100  cubic  inchea  of  mori* 
atic  acid  gas,  previously  made  as  dry  as  possible.  Now 
this  is  considerably  more  than  can  be  detected  in  gases 
by  means  of  saline  substances.  Dr  Henry  found  that 
carbureted  hydrogen  gas  from  acetate  of  potaah,  afkst 
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being  dried  thoroughly  by  niMna  of  alkalies,  under-  Clwp.  n. 
\raxt  ■  dtlaration  from  electricity,  amounting  to  about 
yh  of  the  whole  bulk  of  the  gas.  This  increase  he 
■bowed  to  be  occasioned  by  the  evolution  of  hydrogen 
g»»  firom  the  decompmitioa  of  water  iiill  retained  in  the 
etrbiireted  hydrogen  •.  Were  we  to  ascribe  the  whole 
increase  rigidly  to  hydrogen,  it  would  indroate  the  pre- 
sence of  nearly  three  grains  of  moiftnre  in  the  dry  ear- 
boreted  hydrogen.  Some  of  the  late  experiments  of 
Mr  Dary  indicate  a  still  greater  proponion  of  water  in 
the  dry  gases. 

TliD*  it  appears  that  the  moisture  abstracted  from  ga-> 
teou«  bodies  by  means  of  dry  salts,  constitutes  but  a 
small  portion  of  what  ihey  contain  }  since  electriciiy 
afterwards  separates  a  much  greater  portion  by  decom- 
posing it.  Whether  by  this  last  tnethod  gases  may  be 
deprived  of  all  their  moisture,  or  whether  a  portion  Still 
OOHtinues  to  adhere,  we  have  no  means  of  ascertaining. 
It  ia  certain  that  water  has  considerable  infiuence  in  fk> 
cilinting  the  combination  of  carbonic  acid  gas  with  bo- 
die«,  and  its  se|><iralion  ironi  them .  Perfectly  dry  lim* 
and  magnesia  do-not  absorbit,  but  slacked  lime  absorbs 
it  readily.  On  the  other  hand,  Dr  Priestley  showed 
that  the  separation  of  carbonic  acid  gas  from  the  native 
carbonate  is  facilitated  by  the  vapour  of  water.  Cle- 
ment and  Desormes  have  endeavoured  to  show,  that  the 
experimeols  of  Priestley  are  erroneous,  that  water  does 
not  facilitate  the  sepamtion  of  the  gas,  thai  bent  sepa- 
TVlet  the  whole  of  the  gas  from  the  carbouate,  and  that 
carbonic  scid  thus  obtained  is  perfectly  free  from  raoit. 
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^"°^  "^'^  ture ;  but  Bertholkt  has  shown  that  Ibeir  coDsequenocs 
hsTc  been  pushed  raiher  too  far*  The  native  carb»> 
nate  of  barytes  may,  and  probabljr  does»  contain  aob* 
ture,  thougli  it  adheres  too  obltinalely  to  be  acparatd, 
except  along  with  the  carbonic  add.  0pon  the  whok, 
we  are  not  perhaps  at  present  in  poise ssioa  of  any  ae* 
thod  of  obtaining  gases  perlfectly  free  from  moiatnit> 
though  it  does  not  appear  that  there  is  anj  reason 
for  believing  that  they  may  not  exist  in  that  state.  Then 
it  nothing  either  in  the  nature  of  gaseous  bodies  or  af 
water,  that  should  induce  us  to  believe  that  the  prewui 
of  the  latter  body  is  essential  to  the  clastic  state  of  the 
former*  Indeed,  when  the  water  is  sepi^rared  byDr 
William  Henry's  method,  we  have  every  reason  to  ba- 
lieve  that  the  quantity  of  moisture  which  remains  ii 
small,  and  that  it  may  be  safely  neglected  witboat  pro* 
ducing  any  considerable  error. 

l*he  presence  of  moisture  produces  a  coasideraUe  ef* 
feet  upon  the  specific  gravity  of  gases,  especially  thoK 
that  are  light.  When  hydrogen  gas,  for  instance,  is 
kept  in  contact  with  water,  at  least  half  its  weight  nay 
be  safely  ascribed  to  moisture.  '  Hence,  when  gases  ars 
weighed  in  order  to  obtain  their  specific  gravity,  they 
ought  to  be  as  nearly  as  possible  in  the  sauAe  relatifc 
state  with  respect  to  moisture  and  dryness.  The  pre* 
srnce  or  the  absence  of  moisture  will  also  have  a  coosi* 
derable  effect  in  our  calculations  respecting  the  proper* 
tions  in  which  gaseous  bodies  combine  ;  though  the  ob- 
servations of  Dalton  prove  that  the  effect  of  it  is  net 
nearly  so  great  as  has  been  alleged  by  some. 

When  gases  stand  over  water,  it  is  obvious  that  they 
will  be  as  moist  as  possible.  In  that  case  the  proper* 
tion  of  water  which  they  contain  will  depend  upon  the 
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temperature.     The  lower  the  tcmperatare,  the  smaller   ^  Chap.  IL 
a  proportion  of  moisture  will  be  present  i  and  if  the 
temperature  be  verj  low^  the  gas  will  be  almost  per- 
fectly free  from  moisturei 

9.  Such  Is  the  present  state  of  our  knowledge  respect*  Nature  o£ 
ing  the  constitution  of  gaseoits  bodies.  Fiapours  bear  a  ^  ^^^^ 
considerable  resemblance  to  them,  and  have  thrown 
considerable  light  on  their  properties,  though  thej  dif« 
fer  in  some  essential  particulars.  Vi^mrs  are  elastic 
fluids,  which  maj  be  made  at  pleasure  to  assume  the 
lorm  of  liqmdu     In  this  thej  differ  from  the  gases. 

When  a  vapour  is  compressed^  a  portion  of  it  loses 
the  elastic  form,  and  is  condensed  into  a  liquid.  The 
consequeoqs  of  this  condensation  is,  that  the  remaining 
portion  continues  of  the  same  elasticitj  as  before  the 
compression.  Hence  the  elasticity  of  vapours  does  not 
increase  as  the  pressure,  like  that  of  gases. 

When  vapours  are  heated,  their  elasticity  is  not  only 
increased,  but  a  new  portion  of  liquid,  if  any  be  present/ 
is  cooverted  into  vapour.  Hence  the  elasticity  {^pa* 
rentfy  increases  at  a  much  greater  rate  than  that  of 
gases. 

On  these  two  circumstauces  depend  all  the  differences 
detwcen  vapours  and  gases.  If  allowance  be  made  for 
them,  then  it  is  true  that  the  elasticity  of  vapours  in* 
creases  by  compression  and  by  heat,  precisely  as  that 
of  the  gases  does.  The  higher  the  temperature  of  va» 
pours,  the  greater  is  the  pressure  which  they  can  sup* 
port  without  assuming  a  liquid  form. 

There  are  some  vapours,  as  those  of  mercury  and 
solphuric  acid,  that  do  not  become  sensibly  elastic,  ex- 
cept at  a  temperature  considerably  higher  than  that  of 
the  medium  heat  of  the  atmosphere,  or  when  the  or* 
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Boot  in.      dinarjr  pressure  of  the  atmosphere  is  removed.    Others, 
at  those  of  water,  alcohol^  and  ether,  have  a  very  sensi- 
ble elasticitj  even  in  low  temperatures,  and  can  bear  a 
certain  degree  of  pressure  without  assuming  the  liqmd 
form.     Among  those  bodies  commonlj  considered  as 
gases  there  are  some  which,  in  very  low  temperatareiy 
and  when  subjected  to  strong  pressure,  assume  the  U- 
quid  form.     This  is  the  case  with  ammonia  and  with 
oxymuriatic  acid  ;  and  it  is  extremely  probable  that  it 
is  the  case  also  with  hyperoxy muriatic  acid,  muriatic 
aicid,  fluoric  acid,  and  all  those  gases  that  are  absorbed 
in  great  quantities  by  water.     The  other  gases  cantiot 
be  made  to  assume  a  liquid  form  by  any  degree  of  com- 
pression or  cold  hitherto  applied.     These  facts  strong, 
ly  corroborate  the  opinion  at  present  most  generally  re- 
ceived, that  the  elastic  fluids  owe  their  elasticity  to 
beat,  that  they  are  combinations  of  heat  and  a  base,  and 
that  they  owe  their  permanency  to  the  strength  of  tlie 
nflinity  by  which  the  heat  and  the  base  are  united  to* 
gether.     When  the  affinity  is  not  suflicient  to  resist  the 
forces  usually  applied,  the  elastic  fluids  are  called  va- 
pours ;  when  it  is,  they  are  called  gases.     But  in  each 
of  these   classes   the   aflinity   has  various   degrees  of 
strength.     In  some  vapours  the  elasticity  does  not  be- 
come  sensible,  except  at  temperatures  higher  than  those 
usually  applied  ;  in  others,  it  becomes  sensible  at  the 
common  temperature  :   in  some  gases  degrees  of  com- 
pression or  of  cold,  which,  though  not  common,  arc 
still  wiihiii  our  reach,   destroy  the  elasticity,  while  in 
others  it  continues  however  cold  we  make  them,  or  how- 
ever forcibly  we  compress  them. 
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SECT.  II.       . 

OF  THE  MIXTUKE  OF  GASES. 

Oaseous  bodies  may  be  mixed  togetber  like  other 
fluids.  Now  when  such  mixtures  mre  made,  there  are 
some  gases  which  unite  together  and  form  a  new  com- 
pound, very  different  in  its  properties  from  the  gases 
which  enter  into  its  composition.  Thus  muriatic  acid  Gattt  «£», 
aad  ammoniaaa gat  to€m  sai ammomac,  md  mtrtms gas  *»>'»^- 
and  oxygtn  form  niirie  add.  There  are  others  which 
mix  together  without  any  apparent  change,  as  oxygen 
and  hydrogen  gases,  hydrogen  and  azote,  &c.  in  the 
first  case  a  cotMnaiion  mAnifestiy  takes  place  ;  in  the 
second,  there  is  more  the  appearance  of  a  mecbanical 
jmxtnre*  We  shall  consider  the  second  case  in  the  pre« 
aent  Section,  and  the  first  in  the  suoceeding  Section. 

1.  The  following  Table  exhibits  a  list  of  the  gases'  T^bkofUie 
which  may  be  mixed  together  without  any  apparent  ^^'If*^^ 
change  in  their  state. 

I.  Gajes  {bat  mix,  bmt  never  combine  intimately* 

• 

Oxygen  with  fluoric  and  carbonic  adds. 
Hydrogen  with  muriatic  acid,  fluoric  add,  carbonic 

oxide,  defiant  gas,  carbureted  hydrogen,  phos* 

phureted  hydrogen,  arsenical  hydrogen,  sulpha* 

rcted  hydrogen,  ammonia. 
Azote  with  almost  all  the  other  gases. 
Muriatic  acid  with  all  gaaea  except  oxygen,  and  a 

few  of  the  gaseous  combinations  of  oxygen  and 

azote. 
Fluoric  acid  with  all  gase8.«*-*&c. 
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^       t    II.     Gases  which  mix  without  any  change ^  hut  wbicb^ 
by  peculiar  treatment^  may  he  made  to  combine. 

Oxygen  with  hjdrogcD,  ai^ote,  muriatic  acid,  caibo- 

nic  oxide,  sulphurous  acid,  nitrous  oxide,  ozr. 
.    .       .,  ^• 

muriatic  acid. 

Hjdrogea  and  azote* 

III.    Gases  which  mix  without  change,  but  bypeaibr 
treatment  may  be  made  to  decompose  each  other » 

Oxygen  with  carbareted  hydrogen,  olefiant  gas,  »• 
senical  hydrogen,  sulphnreted  hydrogen,  amiao* 
nia. 
Hydrogen  with  carbonic  acid,  nitrous  gas,  nitroni 
oxide,  oxymuriatic  acid,  sulphurous  acid.— be 
All  gaiet  2.  When  any  two  or  more  of  the  gases  contained  ia 

^^  ^  the  preceding  list  are  put  into  the  same  vessel,  each  o{ 
them  diffuses  itself  equally  through  the  whole  spaoeso 
as  to  be  equally  dense  in  every  part  of  it.  Every  por« 
tion  of  the  mixture  contains  exactly  the  same  propor- 
tion of  each  of  the  gases.  When  the  gases  have  ooce 
diffused  themselves  equally  through  the  vessel,  the  mix- 
ture always  continues  sensibly  uniform,  notwithstanding 
any  difference  that  may  exist  between  the  specific  gra- 
vity of  the  mixed  gases.  The  heaviest  gas  does  not 
fall  to  tlie  bottom  of  the  vessel,  nor  the  liglitest  gas  rise 
to  the  top. 

The  first  set  of  experiments  on  this  subject  was  made 
by  Dr  Priestley,  He  put  into  the  same  cylindrical 
vessel  common  air  and  carbonic  acid,  hydrogen  and  ni- 
trous gas,  nitrous  gas  and  carbonic  acid,  oxygen  and 
hydrogen,  sulphurous  acid  and  fluoric  acid ;  and  allow. 
ing  them  to  remain  at  rest  for  a  whole  day,  he  careful- 
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Irparaled  a  portion  of  the  mixture  at  the  (op  and  at    ^hap.  ir. 
!  bottom  of  the  vessel,  but  they  were  always  X'cry 
nearly  ilie  same  in  every  respect  *. 

It  remained  to  examine,  whetlier  tvito  g*WS,  when  when 
merely  brought  into  contact,  the  lightest  being  placed  ^"^^^^ 
uppeimost,  and  the  heaviest  loweM,  will  mix  logethei 
of  their  own  accord  without  any  agitation.  7'his  has 
been  lately  done  by  Mr  Diilton.  1'he  gases  tried  were 
tniroduced  each  into  a  phial  fitted  wiih  a  perforated  cork, 
which  were  afterwards  connected  together  by  a  glus 
tube,  10  inches  long  and  V^lh  of  an  inch  in  bore.  He 
first  filled  the  lowest  phial  with  carbonic  acid  ga%  and 
put  into  the  upper  successively  common  air,  hydrogen, 
azotic,  and  nitrous  gates.  The  e  Wed  in  a\\  these  trials 
waa  the  same.  After  standing  an  Lour,  the  upper  phial, 
^« hen  examined,  was  found  to  contain  no  sensible  par. 
lion  of  carbonic  acid,  but  iit  three  hours  it  contained  it 
abundantly.  It  was  examined  afterwards  every  half 
hour,  and  never  failed  to  exhibit  signs  of  the  presence 
of  carbonic  acid.  He  then  filled  the  upper  phial  with 
hydrogen  gas,  and  the  lowest  part  with  common  air, 
Aftd  afterwards  with  oxygen  gas.  The  result  was  ibe 
Ane  i  after  a  day  or  two  the  gases  were  found  diffused 
through  both  phials.  Nitrous  gas  and  hydrogen,  azote 
and  hydrogen,  azote  and  oxygen,  were  tried  with  the 
same  success  f.  ^ 

From  these  experiments  we  may  safely  conclude, 
that  all  gases  mix  intimately  when  brought  into  contact, 
independent  of  agitation,  and  when  once  mixed  ihcv 
pever  afterwards  separate  again. 


456  MIXTURE 

Bi»ok  m.  3.  When  two  or  more  gates  are  mixed  together,  tk 
The  bulk  it  buU  is  not  sensibly  altered.  If  two  gasesj  each  two 
not  altered.  ^^^-^^  inches,  be  mixed,  the  bulk  after  mixture  wiH 
still  continue  to  be  four  cubic  inches  ^  each  gas  ^ 
fearing  to  occupy  just  the  same  space  as  when  scpa* 
rate.  The  truth  of  this  observation  is  tgo  well  known 
to  practical  chemists  to  require  anjr  particular  iUustia* 
tion. 

Korthetpe-       4.  The  specific  gravity  of  such  mixtures  is  precisely 
a  c  griTi.     ^^^  ^^^^  ^^  ^^^^  ^^  ^^^  ^^^^  mixed,  allowance  being 

made  for  the  proportions  of  each  that  enter  into  the 
mixture.     This  obviously  follows  from  the  last  propo. 
sition,  and  is  well  known  to  all  experimental  chemists. 
5.  Such  are  the  phenomena  of  the  mixture  of  gase- 
ous substances  with  each  other.      Two  different  expla- 
nations  have  been  given  of  them. 
Buppoiedto       According  to  the  first,  which  is  the  common  explans- 
csch  other.    U^n,  all  the  gases  have  an  aflUnity  for  each  other,  and 
they  mix,  and  continue  mixed  or  united,  in  consequence  * 
of  this  afHiiity.     The  supposed  mixture  is  in  reality  a 
combination i  and  may  be  compared  to  the  combioatioa 
of  alcohol  and  water,  alcohol  and  ether,  which  unite 
slowly  when  brought  into  contact,  but  when  once  united 
never  afterwards  separate.     The  force  of  this  affinity  is 
very  weak  ;  it  therefore  produces  no  sensible  change  in 
the  bulk  or  specific  gravity  of  the  compound.   For  that 
reason,  Berthollct,  who  has  considered  this  subject  at 
great  length,  and  treated  it  with  his  usual  address,  has 
given  the  combination  the  name  of  dissolution  *. 
Supposed  to        The  second  explanation  was  first  proposed   by  Mr 

mix  mecha- 
nically. 


•  Statique  Cbimiquei  \.  274  and  4S7. 
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Dalton,  who  publishtd  a  most  iogenious  dissertation  on  Chap.  II. 
the  subject  in  the  fifth  volume  of  the  Manchester  Me- 
inoires.  According  to  him,  the  particles  of  one  elastic 
fluid  possess  no  repi^lsive  nor  attractive  power,  or  are 
perfectly  inelastic  with  regard  to  an  other  ;  and  con- 
sequently the  mutual  action  of  the  fluids  is  subject  to 
the  laws  of  inelastic  bodies  *. 

The  first  of  these  opinions,  though  commonly  re- 
ceived, presents,  it  must  be  acknowledged,  several  diffi- 
culties when  closely  examined.      In  all  other  cases  of 
chemical  combination,  some  change  takes  place  in  the 
density  of  the  compound  ;  but  in  the  gases  under  con- 
sideration no  such   change  ever  happens,  the  specific 
gravity  is  always  the  mean  of  that  of  the  gases  beiore 
mixture.     BesideSj^ several  of  the  gases  that  thus  mix 
or  combine^  without  any  change  in  their  density  or 
other  properties,  are  capable  of  entering  into  a  still  more 
intimate  combmation,  in  which  they  constitute  a  new 
substance  possessed  of  very  diiferent  properties.     Thus 
oxygen  and  hydrogen  form  water,  oxygen  and  ^zote 
form  nitric  acid.    These,  and  several  other  phenomena^ 
have  induced  Dalton  to  consider  the  notion  of  combi- 
nation, in  those  cases  in  which  the  density  and  elasticity 
are  not  altered,  a;»  absurd. 

It  n^ust  be  allowed,  that  Mr  Dalton 's  hypothesis  ac-  And  not  t« 
cords  very  well  with  the  phenomena,  and  explains,  in  ^u^c     ^ 
a  satisfactory  manner,  many  circumstances  which  do. 
not  so  well  tally  with  the  notion  of  combmations.    Ac- 
cording to  this  hypothesis,  if  m  measures  of  ji  be  mixed 
with  n  measures  of  B,  the  two  will  occupy  m-^-n  mea- 


*  MuMdftUr  J^Iim,  t.  SAP 


458  MIXTURE 

Book  m.^  tures  of  space.  The  particles  of  ^  meedag  with  no  re* 
palsion  from  those  of  j8  further  than  thatrepnltioo  whidi 
as  obstacles  in  the  way  thej  may  exert,  would  instantlj 
recede  from  each  other  as  far  as  possiUe  in  their  ci^ 
cumstanceSy  and  consequently  arrange  themsdves  jm 
the  same  as  in  a  void  space  ;  their  deofitj,  cMiwdcrei 

#aff 

^bstractc41y,  I^ecoming  — p-^  (that  of  the  compound 

IB'  f  n 

being  supposed  unity).     In  like  maimer  the  partidei 

of  B  must  recede  from  each  other,  till  they  become  of 

the  density -•    Thus  the  two  gases  becoaie  rarefied 

to  such  a  degree  that  their  united  forces  only  amomt 
to  the  pressure  of  the  atmosphere.  Here  the  particles 
elf  one  fluid  not  pressing  at  all  upoi»  those  of  the  other, 
the  consideration  of  specific  gravity  does  not  enter. 
That  part  of  the  atmospheric  pressure  which  the  fliud 

jf  sustains  will  be  — r-  i  Rp4  the  remainder,  ^^   ,  is 

the  part  that  the  fluid  B  sustains.  The  weight  or  prei* 
sure  upon  any  one  particle  of  any  fluid  mixture  of  this 
sort  will  arise  solely  from  the  particles  of  its  own  kind*. 

According  to  this  statement,  it  follows,  that  when  two 
gases  are  mixed,  each  occupies  the  whole  space  which 
constitutes  the  bulk  of  the  whole  ^  that  the  elaiticity  of 
the  mixture  is  the  sum  of  the  elasticities  of  the  two 
gases,  supposing  each  to  retain  its  new  bulk  i  and  that 
the  bulk  after  mixture  is  the  sum  of  the  bulk  of  eadi 
before  mixture. 

Mr  Dalton  has  not  brought  any  evidence  in  support 
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of  this  very  ingenious  hypothesis^  except  its  convenien«  Chap.  lU 
ej  in  accountiag  for  the  phenomena.  It  has  been  op- 
^sed  by  Mr  Gough  and  Mr  Berthollet  with  much 
keenness,  bnt  upon  different  grounds  ;  the  former  con- 
ceiving it  as  iocoDsistent  with  the  mechanical  properties 
ef  elastic  fluids* ;  the  latter,  as  not  according  with  theilr 
chemical  properties  f  • 

6.  After  considering  the  matter  with  attention,  th^ie 
9tUl  appear  to  me  to  be  several  circumstances  incon* 
distent  with  the  ingenious  hypothesis  of  Dalton.' 

It  is  certainly  conceivable  that  the  particles  of  one  ^^^f^ 
elastic  fluid  may  not  repel  another,  just  as  a  magnet  bypothcais. 
does  not  repel  an  electric  body,  though  both  magnetic 
and  electric  bodies  are  elastic  towards  each  other ;  but 
if  this  non-elastici|y  exists,  there  can  be  nothing  to 
hinder  the  partides  of  a  gas  from  rushing  into  the  space 
eccupied  by  another  Nvhen  the  two  are  brought  into 
contact,  except  the  mechanical  resistance  opposed  by  the 
particles  against  which  those  of  either  gas  may  im- 
piBge  :  but  if  we  consider  the  great  degree  of  compres- 
sion  which  gases  may  be  made  to  undergo,  we  cannot 
but  allow  that,  under  the  common  prtesure  of  the  at- 
ipospfaefe,  the  distance  between  their  particles  must  be 
many  tioies  greater  than  their  bulk.  Of  course,  the 
retistaooe  to  t)ie  expansion  from  this  impinging  of  one 
against  another  must  be  comparatively  small.  They 
ought  therefore  to  rush  into  the'  space  occupied  by  other 
gates  almost  with  the  velocity  with  which  they  rush  in- 
te  a  vacuum.  Neither  ought  the  difierence  of  specific 
gravity  to  produce  so  great  a  diflference  io  the  tloie  of 
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L^^JIL  <?ui^n  ^  ^>v«  find  it  does.  ^  Iheirw  «>f>d:  toiiic,«Aa; 
arcumsuiices  of  a  uiiiilar.iiatorc»  do  n^aop^  4^  V^ 
widi  the  notion  of  naa^elniidtj  i  u  le«|t  tbcjivraf^ 
bean  ihown  to  agree  with  it. , ,.  .      .^. ., ,  >•.,.;  .         ^^ 

Ifguetwere  mataaUj  noni^clMrifp.  mjt  t^  ^h"  flp 
wii  of  their  mixtnre  were  to  be  aeqrtbQd  |9  tl|cic  ii^ 
pinging  against  e>ch  other,  it  is  impofldUe  to  ffMfnva. 
my  reason  whj»  in  such,  a  case,  tlwtj.ahoald  aoft  eott. 
mne  together.  Suppose  osygea  and  fajdrogeagieii » 
contact  and  mizing*  wbj  sboold  tbet  attum  ^  iWiy|i| 
opt  unite  with  the  atoms  of  bjrdrogeot  agaioat  wkUk 
they  impinge  ,and  form  water?  We  kndw  tbat  thf 
hinra  an  alfnity  for  each  other  ^  thej  arc  aappajadly 
the  hypothesis  to  come  into  contact  i  what  theo^  H  thqr 
bave  no  repalsion,  prevents  them  (pom  vnitiiig  i  la 
like  manner,  axote  and  hydrogen  should  fiMrm  aasmp* 
nia }  aaote  and  oxygen^  nitrous  gth  &c.  Now,  aalhis 
never  happens  except  when  one  of  the  constitttteula  is 
destitote  of  elasticity,  there  is  erery  reasob  to  believe 
that  it  is  this  elasticity  which  prevents,  the  onion  i  sad 
if  so,  the  different  gases  mast  be  mutually  elastic. 

But  if  we  consider  this  mechanical  obstacle  which  dw 
particles  of  one  gas  oppose  to  thedilatation  of  anotber^ 
it  will  be  difficult  to  distinguish  it  from  elasticity •■  Sup* 
pose  a  given  bulk  of  one  gas  to  be  brought  io 
with  a  given  bulk  of  another,  they  remain  for 
siderable  time  before  they  begin  to  mLs^  the  snr&fie'eC 
the  one  presenting  an  obstacle  to  the  expansion  of  tka 
other.  But  this  surfisce  is  kept  in  its  pbce  by  tlia  elaa* 
ticity  of  the  whole  gas  of  which  it  constitutes  a  patt. 
The  gases  cannot  mix  till  this  obstacle  be  removed* 
Now  this  appears  to  be  allowing,  in  unequivocal  terms, 
that  the  ga^es  are  mutually  clastic. 

Thus  it  docs  not  appear  that  the  phenomena  of  the 
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mixtore  of  the  gases  accord  with  the  hypothesis  of  Dal-     Chap.  IT. 
ton,  that  the  atoms  of  different  elastic  fluids  are  mu-  ' 

tuallj  non-elastic.  Bat  if  Dalton*s  hypothesis  be  con- 
sidered as  not  proved,  and  if  on  that  account  we  refuse 
to  admit  it,  then  we  must  admit,  however  problemati- 
cal it  may  appear  at  first  view,  that  the  gases  not  only 
mutually  repel  each  other,  but  likewise  mutually  at- 
tract ;  and  that  all  gases,  as  Berthollet  states  it,  have 
the  property  of  dissolving  the  other  elastic  fluids.  For 
"without  supposing  an  attraction,  it  is  impossible  to  ac- 
count for  their  constantly  mixing,  notwithstanding  their 
diflTerence  in  specific  gravity,  remaining  mixed,  arid 
presenting  all  the  properties  of  a  homogeneous  com* 
pound  *.  ' 


*  Mr  Dahon,  in  his  New  Sfsrem  of  Chemical  Philosophy,  (p.  175.) 
•bicnrest  upon  this  statement  of  mine,  that  he  has  no  doubt,  that  if  I 
had  taken  due  time  to  consider  this  conclusion,  I  would  with  him  have 
pronounced  it  absurd.  I  must  acknowledge,  that  the  objections  whicb 
he  has  brought  against  it  appear  to  mc  very  fordbk  indeed ;  and  I  wnnld 
abandon  itwiih  pleasure  for  any  other  hypothesis  not  liable  to  objections 
equally  forcible.  His  own  hypothesis  seems  to  me,  after  the  mo:>t  pa- 
tient reflection,  liable  to  objections  which  cannot  be  answered.  Some  of 
these  I  have  ^ated  in  the  text,  and  others  which  have  since  struck  me 
might  have  been  added.  But  this  is  not  necessary,  as  the  hypotlicsis  has 
been  abandoned  by  Mr  Oalton  himself;  and  has  not,  as  far  as  I  know, 
been  adopted  by  any  other  person.  Mr  Dalton  now  admits,  that  armos- 
phores  of  heat,  surroanding  the  particles  of  gaiea,  are  the  cause  of  their  #e« 
pulsfOD  i  he  e?en  admits,  u  indeed  follows  as  a  consequence  from  the  ftnt 
admifljoo,  that  the  different  gasea  are  nwtualiy  elastic  (p.  189.)  He 
now  accoonta  for  their  motnal  diffusiou  threngh  each  other  when  mbud 
by  the  different  size  of  the  particles  of  each.  The  consequence  of  this 
inequality  of  size,  he  says,  will  be  an  intestine  motion,  which  will  continue 
till  the  gaacfi  are  equally  diffused.  If  Mr  Dalton  can  demotwrate  the 
truth  of  this  consequence,  there  will  be  little  heatation  in  adopting  thia 
new  explanation  ;  for  that  the  particles  of  the  different  gases  diffcc  in 
size,  will  not,  I  presume,  be  disputed.  But  the  consequence  is  surely  not 
s^lf*cvidcnt.  To  ascertain  the  motions  which  will  be  produced  when  gases^ 


4M  ivn^if**' 

B«f(i0.    ■     7.  The  T^oor  of  water  Md  ^  wy.tW«a  wi.|gm 

^  -;„"'  to  the  coDtiary)  ill  npoRii  BUB,vitJh,jpai»  ntKM4L 

■tswkh      tB.thBMme  mj  ttgntt  SHx  wtlh   each  oilier.     W* 

Swif—    ■niiultbted  to  Mr  Dillps^  lUe  most  complete  tetoE. 

"*'**l***'  ocperioiqiU  on  thii  mbjcck.    The  foUowiog  U  tbe  g^ 

^eral  cMielnaioa  which  he  wis  enabled  lo  draw  from  Wf 

nprneroo*  tmlij      IiOt  1  npt-escnt  the  space   occupcd 

bjrtnykiad  of  gA  of  s-fiTen  temperaiure,  and  fa^ 

in^  nwutnre  j  ^,  tbe  giTcs  preuure  upon  it  in  inofan, 

of  nttvmgj  i/,tht  force  of  vu^iour  from  stay  liquid  ^ 

(hit  tcnpepture  ia  I  vicnimi :   then  the  litjuid  briii|, 

-  odpitted  lo  the  air^  an  expansion  entuci,  and  the  tftet, 

•OGoped  by  tbc'^r  becomca  =  i  -f-.-^^ii^'br,  (wMMlft 
tbe  nme  thing)  =  T^^  That  let  the  tcmpcniank 
lSO%/=:  SO  inches,  and  let  tbe  liquid  be  water  »  Ibai 
/^ISiBchet*.  Tben-£-=     ^^    ,ae.     Sail* 

the  hnik  of  the  air  is  thia  caie  it  doubled  f* 

Thui  it  appean  that  when  a  taponf  and  a  gai  ai^ 
mixed,  the  elasticity  of  the  mixture  is  the  sum  of  Oe 
clasticitiet  which  the  two  contitoents  would  have,  ta^ 


wfeMCputklM  Sita  h  (lie,  are  bfoagbi  Into  uMKti  b  «  fiililiairf 
Hue  dificBltf.  It  ti  yttj  poMiblc  ili«  Mr  Dttaao^  eaatlaimttmf  Is 
foctcct ;  b«  t  vm  I  haoa  mm  dMbM  m  tfaa  MAjwt.  It  Mr  IMHt 
win  pradBM  t  BathatBtial  demooKratica  af  hi*  poMon,  lU  dMA««rii 
be  laatrnd,  tuid  the  aiutiul  mUcim  of  giMi  eipkiacd  ■>  i 

■  Mr  Daltoo'i  Ttblt  pf  the  farce  of  Tiponr  tt  di 
fatbcengiToi  in  VoUI.  p.jj?.  ofihii  Work. 
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poking  each  to  occapy  the  bulks  of  the  whole  ;  and  that  Ch»p.IT.^ 
the  volume  of  the  mixture  is  ecjuat  to  the  sum  of  the 
volumes  of  the  two  con«itiients,  supposing  both  sepa- 
rately subjected  to  the  name  preisurc  which  the  com- 
pound  sustains  after  mistiue.  Nomp  this  is  precisely 
Mibai  happeu  nlien  two  gast«  are  minced. 

Ho  less  than  ihiee  opinions  have  been  advanced  re-  OpInJont 
specting  the  nature  of  the  mixture  of  ^ases  and  vapour.   [h/^J^re 
According  to  the  two  first,  die  ingredients  aie chemicBj-  "f^'lic  ■nit- 
ly  combined ;  according  to  the  last,  itie;  are  mechanical- 
\y  Riixed. 

According  to  the  lirst  opinion,  the  gaacombincs  with 
the  liquid  and  dissolves  it,  not  in  the  slate  of  a  vapour, 
but  of  a  liquid.  The  phenomena  do  not  well  accord 
vith  this  hypothesis.  Indeed  the  experiments  of  Dal. 
Ion,  just  recite<^,  are  inrompatible  with  its  trutb.  It 
caonot  therefore  be  admitted. 

According  to  the  second  opinion,  the  gas  dissolves  the 
vtpour  precisely  as  one  gas  does  ajioiher  :  or  the  va- 
pour exists  in  3  gaseous  state,  forming  tbe  same  imper- 
fect eombination  with  the  gas  as  mixed  gases  do  with 
each  other.  This  is  tl>c  opinion  which  has  been  most 
commonly  received  ever  since  the  hygtomeltcal  expe- 
riments of  Saussure  and  De  Luc. 

The  third  opinion  is  [hat  of  Mr  Dslton.  According 
to  him,  the  particles  of  gases  and  vapours  are  not  mn- 
mally  elastic  to  each  oilier.  Wfien  they  are  mixed, 
ihc  elasticity  of  the  vapour  frees  the  gns  from  part  of 
the  pressure  which  it  sustained.  Tbe  gas  of  course  di- 
lates, in  consequence  of  the  excess  of  its  elasticity,  till  its 
elasticity,  when  joined  with  thalof  the  vapour,  just  ba- 
Isnces  the  pressure.  The  two  fluids  are  mixed,  but  do 
not  act  upon  each  other.    Each  of  then  supports  a  pair 
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Book  m.  of  the  pressure.  If  either  of  them  be  destrojed,  tnd 
the  other  be  made  to  sustain  onlj  its  own  pmrf  of  the 
pressure,  the  bulk  will  not  be  altered.  The  reader  iriQ 
perceive  that  this  is  precisely  the  hypothesis  respecting 
the  mixture  of  gases  which  was  stated  abore.  Indeed 
it  seems  to  have  been  the  phenomena  of  the  ▼apoars, 
when  mixed  with  gases,  which  first  led  Dmlton  to  fiDmi 
that  hypothesis. 

This  hypothesis  explains  the  phenomena  reuEiarkaUj 
well.  We  see  from  it,  why,  other  things  being'the  same, 
the  quantity  of  vapour  is  always  proportional  to  the 
bulk  of  the  gas,  why  all  gases  contain  the  sanne  propor- 
tion of  ity  and  why  the  bulk  of  the  mixture  is  equal  to 
the  previous  bulk  of  the  two  ingredients.  Bnt  it  is  li- 
able to  the  same  difficulties,  as  stated  above^  when  coo* 
sidering  the  mixture  of  gases. 

The  second  hypothesis,  that  vapours  are  in  the  elas- 
tic state,  and  that  they  are  dissolved  by  gases  precisely 
as  one  gas  is  by  another,  will  account  equally  well  for 
the  phenomena  as  that  of  Dalton  ;  and  it  furnishes  us 
with  a  reason  why  vapour  is  not  reduced  to  the  liquid 
state  by  the  incumbent  pressure  of  the  atmosphere. 
The  combination  of  the  gas  enables  it  to  sustain  a  pres* 
sure  which  it  could  nut  otherwise  have  supported. 

8.  Mr  Dalton  has  applied  his  hypothesis  to  the  ex- 
planation of  a  very  curious  set  of  experiments  made  by 
Dr  Priestley  ;  a  short  account  of  which  has  been  given 
in  the  first  volume  of  this  Work  *.  He  found  that 
when  moist  earthenware  retorts  are  heated,  the  vapour 
'^f  water  passes  outwards  through  the  pores  of  the  ves- 
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sd,'  while  3t  the  sanje  time  the  external  air  makes  its 
W*y  inwanls  ibrougti  the  innte  pores,  and  may  be  col- 
lected in  considertble  families*.  He  afterwards  ex- 
tended his  experiments  to  diilerent  kinds  of  gases,  and 
found,  that  if  the  eanhetiwarc  vessel  be  filled  with  one 
&poci<s  of  gai,  and  surrounded  with  another,  tf  heat  be 
applied,  a  portion  of  the  j^as  makes  iii  escape  through 
ihe  pores  of  the  vessel,  while  an  equal  quantity  of  the 
eztemil  gas  enters  through  the  aame  pores  f.  The 
same  thing  takes  place  in  bladders  without  the  appljca- 
rion  of  heat.  If  a  bladder  be  filled  with  hydrogen  gas 
mm!  suspended  in  the  air,  it  sOon  ac^ires  the  property 
of  detonating,  in  consequence  of  the  external  air  with 
vhich  it  is  mixed.  Mr  Oalton  has  shown  itiet  these  cit- 
riout  experiments  are  easily  explained  by  meaas  of  his 
hypothesis.  The  heat  increases  the  size  of  the  pores, 
which  furnish  a  communicalion  between  the  air  without 
the  vessel  and  the  vapour  or  gas  within.  The  two  mix 
by  means  of  these  pores,  for  the  same  reason  that  they 
woutd  mix  if  brought  into  contact  in  two  vessels  com- 
amnicaling  with  each  other  X>  But  it  is  not  necessary 
to  suppose  the  trnth  of  Dalion's  hypothesis  to  explain 
tb«(c  phcDomena:  the  same  mixture  ought  to  take  place 
even  though  the  two  gases  be  mutually  elastic,  provid- 
ed they  have  an  aflinily  for  each  other. 

g.  Fontana  made  a  set  of  experiments  on  distillalioo,  1 
aad  published  them  in  I7'P.  These  experiments  show  \ 
that  air  is  not  passive  in  cases  of  e  vaporation,  as  it  must  ■ 
b«  according  to  Dalian's  hypothesis.      He  united  two 
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B^'^,  iMtfmMildgtttiM'  by  inirilstrff il  gitti  IMil^MillMdUl 

tar  boa!^{:Klii/iM4lM|N:liilh  ^mmm,'9Mt^fiM^0aut 

poMd  lb  8;4i«at  off  :«bov^  Y4Q^  ttf  ^HM 
tli»'  otttff •»»•»  |>u>w^iiAid^<»ittf  ice/  Kftmtf  H— '^  * 
datil  ornrK  '['B¥ihb  enjfeiimtMii  ir^Nlill^pr  tlntfii 
te  oqtiycH.  i<hi>»#'Ma<y  toliiiUy  CM  fiir'ib4i«rfiiaW| 
te  hid':ilte  iiiglrtMtbM'^NrJ^^  Itpriwil  ilf  ill{ 
we:  hiMrfr:>4kirilft'>KqaMs  %»ii» hatbi  JJiiBim  ufcii 
t«fy  MidMf i'i  Nodfinif  mit  ywwouM  jbNJlintlyMii 

Thu^  tftft^itbilteAfa^the'4ftg«tt 
hvpothMiiy  tmd  the  etegaftt'  wny  it  which- it 
most  o#  the  facty^  there  are  «ei>erAl  circumttacMes  WfeU 
'render  it  lMr.krdon9  for  us  tt>  adopt  it.  We:iilllitdM 
conclQde*»*thiir  when  gaws  and  vapours  mt«  'ifliwtf  ti> 
gether,  they  are  retained  together  bj  a  speoiei  ti! 
ty  not  lafRciently  strong  to  produce  sensible 
tiony  or  aoy  of  those  other  phenomena  which 
ly  orark  ehemieal  eombinatro^;  but  sofficfeal-to  cioie 
these  elastic  bodres  to  mix  intittiately  and  nmSorstift 
and  to  keep  them  united.  This  weak  species  of  ifi* 
nity  we  may  distinguish,  with  Mr  Bertbollot,  by  the 
name  of  dissolution.     In  the  next  Section,  we  shall  con* 
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sider  those  gaseous  bodies  which  combine  in  a  much     Chap.lL 
more  tntrked  manner  with  each  other. 
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SECT.  III. 


OF  THC  COMBINATION  OF  OASES. 


X  HEKE  are  various  ehstic  fluids  which  have  the  pro- 
pert  j  of  utiittng  together,  and  of  forming  a  new  corn- 
pomsd^  either  gaseous  or  not,  and  which  possesses  -vtrf 
different  properties  from  the  constituents  of  it  when 
merely  mixed,  or  in  a  state  of  iissohtum*  Now  Hitvt 
gaseous  bodies  may  be  divided  into  two  classes ;  somd 
oembine  in  all  circumstances  by  mere  mixture  ;  others 
only  unite  in  particular  states. 

I.  The  following  Table  exhibits  a  list  of  the  gases  i .  Gases 
that  miite  by  mere  mixture,  and  of  the'produets  which  "^  i>/"°* 
they  form.  niitttw. 

■ftOQIlCtS. 

r\  ••'•A"-:      •  'C Nitrous iicid        .  . 

Oxygen  with  nitrous  gas.......  <         . 

C.  Nitric  acid 

AmmoQtawhh  vlpour •••...Liquid  ammoaia  - 

'  muriatic  actd«»..*Muriate  of  amnaontA  * 

.  .fluoric  acid^*.«.».Flttate  of  aimDoiua 

carbonic  a(ad4....CarbQoatia  of  omrnmu 

sulphurous  meid .  Sulphite  of  ammDaia. 

'  sulphurdt.  hycL  ^Ifydrosolph.  of  ammr 

1.  As  far  as  we  know  at  present,  none  of  the  compounds 

produced  by  the  combination  of  the  gases  contained  in 

the  preceding  tabla  are  entitled  to  the  name  of  gases. 

Gg2 
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Bookllf.     The  two  first,  nitric  and  nitrous  acids,  seem  to  be  tro- 
pours  ;  the  compound  of  ammonia  and  the  vapour  ot 
Frodncts       water  is  a  liquid  ;  all  the  rest  are  solid  bodiet.    Indeed, 
|y^^  "^     scarcely  any  of  the  elastic  fluids  that  combine  when, 
ev^r  they  come  into  contact,  are  entitled  to  the  name  of 
gases,  in  the  strict  sense  of  the  word,  expept  oxygen  and 
nitrous  gas  ;  the  rest  approach  to  the  state  of  Tapoois. 
o^rfcfi  2.  Oxygen  and  nitrous  gas,  when  brought  into  con- 

gat  unite  in  ^*c^  immediately  unite  and  form  a  yellow-colourcd  va- 
J2JP"*^«f-  pour.  From  the  experiments  of  Dalton,  it  appeafi  tht 
these  gases  are  capable  of  uniting  in  two  difierent  pn- 
portions.  One  hundred  measures  of  common  «ir,  whca 
added  to  36  measures  of  nitrous  gas  in  a  narrow  tak 
over  water,  leave  a  residue  of  79  inches  ;  and  eae 
hundred  measures  of  common  air,  admitted  to  72  mcs- 
sures  of  nitrous  gas  in  a  wide  gbss  vessel  over  water, 
leave  likewise  a  jesidue  of  70  measures  *•  Accordiag 
to  these  experiments,  21  cubic  inches  of  oxjgcn  gas  is 
capable  of  uniting  with  36  and  with  72  cubic  inches  of 
nitrous  gas  ;  or  100  inches  of  oxygen  unites  with  171*4 
and  with  342*8  inches  of  nitrous  gas.  If  we  apply  Mr 
Dalton's  hypothesis,  stated  in  a  former  Section,  to  these 
combinations,  we  shall  have  the  first  composed  of  one 
atom  of  oxygen  united  to  one  atom  of  nitrons  gas ;  tbe 
second,  of  one  atom  of  oxygen  united  to  two  atoms  of 
nitrous  gas.  The  first  appears  to  be  the  substance  usually 
distinguished  by  the  name  of  nitric  acid  ;  the  second  is 
aitrous  vapour,  or  nitric  acid  saturated  with  nitrous  gas. 
The  ftsilowing  will  be  the  symbols  denoting  the  com- 
position  of  an  atom  of  each,  and  the  weight  of  that  atom, 


•  Fbil.  Mag,  iriiL  351. 
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obtained  by  adding  together  the  numbers  denoting  the   ^  CW-  n. 
weight  of  each  of  the  constituent  atoms. 

•  Deoaity. 

0Q)0^^^<<^  acid 17 

QDOCDO  Nitrous  vapour 28 

The  first  is  a  triple  compound,  and.can  only  be  resolved 
into  nitrous  gas  and  oxjgen,  or  into  azote  and  oxygen  ( 
but  tbe  second  is  a  quintuple  compound^  tad  may  be 
resolved  into  nitrous  oxide  and  oxygen,  nitrous  gas  and 
oxygen,  nitric  acid  and  nitrous  gas,  oxygen  and  azote. 

But  though  these  are  the  extreme  proportions  in  which 
thete  two  gases  unite,  we  know  from  daily  experience^ 
Aat  they  are  capable  likewise  of  ubiting  in  all  the  in* 
tomediate  proportions ;  constimting,  no  doubt,  nitric  a* 
cid,  holding  various  doses  of  nitrons  gas  in  solution. 
Thus,  in  Mr  Davy's  experiments  on  the  composition  of 
nitric  acid,  the  acid  which  he  formed  for  examination 
was  composed  of  100  measures  of  oxygen  imited  to  21B 
measures  of  nitrous  gas  *. 

9«  As  no  set  of  experiments  has  been  hitherto  made 
oa  the  combination  of  ammoniacal  gas  and  vapour,  we 
do  Kolknow  in  what  proportion,  they  combine;  but 
merely,  that  whenever  they  come  into  contact,  they  are 
mutually  condensed  into  a  liquid. 

4.  When  muriatic  acid  gas  and  ammonia  are  brought  HuriMc 
into  contact,  they  mutually  condense  each  other  into  a  * 
solid,  •  white  po#der  called  muriate  of  ammonia.   From 
say  trialsi  it  follows,  that  the  two  gases  disappear  when 
neariy  the  same  bulk  of  each  is  present.     Were  we  to  ' 
auppose  that  the  compound  in  that  case  is  neutral  and 
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finefrom water,  and  that' Urn <|mii q  gt^^J ^tilm <■» 
gaaesy  as  giren  m  aprecadiofl^kjib^dBBBcMtaaad 
amnnoniap  woald  be  compoaed  of  tatlicr  more  thpa  dnee 
partf  of  niBriattc  acid  bj:|p%|i^^|i|a^^  one  part  rf 

ammoiiia.  . .    ,  .„o^tfc^  C'lOTO 

^  5*  Wa  ana  not  in  tNMioaiiiaLQ£.a&.afiaualft  aaiafiifl^ 
p^UBCQto  on  the  wwt|piwri9Bjfff,»ii|))M^w^^^|jTq^ 

thiBie  araaea  nmiiiallv  oonde&ia  each  nthrr  aimI  &CflLii» 

tK  The  comhinaliQft.jojr tbcy^gfia^  i!l,bhiiM|||l^6#^ 
tasdad  with  a  cooaidctaUa  ■  ttrndaoialioD^  uioB^kkilJi 
tlhe^iraab.    ^iflkidt  tQ.catisMa€  it  ooni^ctll^ 

(pout  of  the  ^ha^ge  of  stflAia)uch,fakfBaplaM^^^!K^ 
Vpafafic  grav^jr  of  aitnc  ^d  lEapo^r  oi^l^,  .|gr  ^^ilcBb. 

t^  toba  rppTv«WP«»«iWiWC9i»4eiiMl^ 
kanplimf^    fiotit|ivpQii(G^gimvit7«JU4|a^^ 

more  than  doubled  by  the  combiiiaticn*  .^c^ndiei^lk 
compoQod  becomea  folid,  the^ coodcniation  ia.  g^oaone 
anorinaadjr  increased.  Th|^  the  specific  gjpf^i^.ofvl 
ammpoiac^  supposing  it  to  reuin  the  gaaco])s,^j||atc^ 
OBgbt^  bj  calculation,  to  be  1*241^  whcfreaa^itiaiQic- 
ality  1*4X816,  or  1140,  bsiogYedaotcl  i^t^tjmhu 

a  Jjtt  Phtiht  ipecific  gravitj  of  the  luuroas  §ii^/i»nufiyLk|s  H 
the  >|pecific  (raTity  of  the  oxygen,  and  b  its  qoantity.    The  ^ledfic  gn> 

p  ft  (a  J.i^ 
vicy  of  the  cQm|oiiiid,  wppoiiDg  oo  condrstiticq,  wofild  he  ^a  ^^ 

Mow,  in  the  preaent  oue,  «re  h^e  i*i«i'a94»  Hau-iojt/^MjSk  m4  km 

34 ;  which  gives  ut  the  upectfic  gravity  »    —  ■      »  1-097  neirly. 

f  I  ny  at  least,  because  Mr  Davy*8  acid  vapour  obviously  conCaiocd 
asuperabundao:cif lutrousgai.  .  »  ^.  - 
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than  y^th  part  of  its  calculated  bulk.     A  similar  con.     C!liap>  it 
densation  no  doubt  Ukes  pla9e  intbe  oth^,poQ9fioi»ds 
of  ammonia  aad^be  acid  gafQE^.thoKgh  the  degree  of  it 
has  not  been  mooTtfCme^Jbj.pxK^XXVW^^r, 

ii>ft  <iiori>ott» ^Q^tu latipfr'jwMffcibcy nadergo,  the  lit- 
tle heat  wbicbikfffF^V^i>M4'lte:di0qilt7  of  separat- 
ing them  agfl|jili^«4v^.i0|fqo^pNil|npplki|ui  against  their 
being  gases  in  the  same  sense  of  the  word  as  the  o- 
thcoTporm«nflitIy:i<l^slio'fliiid9« .    M  :^  m%^Q^0$d,  tthe 

fdniiledr  fcu  tbalHicid  a^'^Donw^OM  -^aptitf  ^if  befit^^«o4 
tkat  ill  4f  ii^t  rwlitf:  a.^viffifol  ^Vf^rtj^  f^f  i«>m)>ii&. 
^on.  /  ,  -■  .1  .*• '.:^  {.'o  »i'-.j  j:  ■     [ 

•  9.  TJ^  t»pi4tqr -with  wfcinh'ib^gtwiom  fcgdios  wUch 
Pie  lifive  boe»  ooiuideflin^  p^jiabAaet  iv^kcoe^ 
inlD  <€ontact»  seems  to  bayebeonioiiercf  |be  4|rQBgest-of 
Mr  Dalton's  reasons  fdr.  at^pptfsiag  Itet  jfMea  «re  not 
mvtMUj  dasticc  aod  it  certatoi^  doot  «ppewr«  at  £cat 
ffiew  jis  %  vtfrj  stfODg-  ol$cciioil  lo  Ac  iktmrnom  i^c^ 
uime.  We  must  suppose  >thtU  the  afiftiljr  bj  i^hicb  the 
particles  are  attracted  is  voMoh  ittMre  pewecfol  ^Ihan  the 
scpulsioD.  The  imfcileQtljr  gaaeous  state  of  noct  of 
Ibem  seems  also  to  faoUitiLtc  the  union ;  .thottgb  this 
does  not  Appljr  lo  -the  comhto^lion  ofdiitrous  jgas«fid 
osgrgeiN       - 

,   IL  The  gaites  (which  m%y  bo  mixed  .wiihMkt  any  ^.?**^ 

which  com* 


alrikiiig  cocabinatioiiy  though  -  Ihejr  ace  oupahle  of  unit*  Imdo  in  par- 
ticular cir- 
cuxnitaucefi 


AAg  to  oertaio  circnmsianoe^  ^r  Iqr  a6  meaos  nttoiie*  ^*^^^'^^- 


rous*    Tbcibllowing  Td^Ic  cubits  a  Ust-of  them^aad 
lof  Aft  j>rodiicis  whicb  ibf^j  ib«imivSioa  unilod. 


4'iit  GouMMmoy 

Bobbin. 


H'  "'*":      •    r    , 


'-■'('  ■■■■ 
Oxygett  #itli  bjdrogett...*«..».WM8r' 

aiott..;...;..;..;<JllMiijit  ' » 

MtpiMiMMr«iid:.flo^$taftk  Mi  ->  *  -^  >  •  ^  ■ 

i*  9lii  gretter  number  ef  thcte  pnoiuiH  an  f«BS- 
^ff^^  aantly elirtc ^toMi,'b<lwghiy f»tlM»* diM  iiifabfrt 
aaAifidik  jeM  rtia  guebrt  prbptftiarlwi  mi|iiKjc<r»nliiii  ly^ 

H  appctrt  fbat  tbetdgnsMM  tedM^' vjr  oMillnMM^ 

lose  a  portion  of  their  daiticitj.  ^         • "  '^' 

^i;^— ^^^         II*  vn^vm^iRBimwi  wm  nywnigw-vBVwmi-VBvo* 

StyhSt  nio'oxidfi Tiy conkmAotti wMk itiitihaf wWf aiwib^y 
^l^^'"^  meoat  inf  Jectrfdity/or « thir tedipfttHtfrc'^r  %tliki ty* 
drogen  Immt.  Thttt'Chcie  iMdiei;  Ihoi^h'tlM^ Afe  ite 
iioite  tpontaoeoutly,  my  eombiiie,  while  the  c«%i»« 
grtdicott  which  cuter  into  tiriioii  ett  liodi  ina  gpMm 
state.  It  is  highly  jiroblible  that  heat  'a&A  efcuUkit/  itf 
these  cases  act  precisely  ID  the  same  way; 

Now,  if  the  common  opinien  bef  tme^  thai  gases  am 
compounds  of  bases  and  heat»  tod  that  when  they  com* 
bine  they*  lose  a  great  quantity  of  caloric,  tt  anay 
at  first  sight  difficult  to  conceive  how  heat  causaa 
to  unite  together.     That  a  body  which  increases  the 

I 

repulsion  of  the  gases  should,  by  its  aocnnmlattOBp  oo^ 

casioo  their  union  or  the  destruction  of  that  Topukifla^ 

Marnier  im    leems,  at  first  stght,  a  contradiction  •    Mooge,  long  ago^ 

U^ct^    offered  a  very  ingenious  solution  of  this  dsflicnlty,  whkh 

has  been  generally  received  as  the  true  mie.    RepuUoa 
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•Vk>  force  which  occisioni  natioa.  If,  by  any  ^leini, 
MlkBK{»)isive  force  of  one  atom  of  a  gas  be  increased, 
Shs  Rioin  will  act  with  increased  energy  upon  all  ihc 
acighboiiiinif  aioin»;  it  will  set  i hem  in  motion,  and 
Acj  in  iheit'  tura  will  act  upon  tho&e  in  their  ncigh- 
bavzbood,  and  thus  the  mouon  will  be  propsgatcd 
Araugh  the  whole  fluid.  Suppose,  in  a  mistUTC  of  oxy- 
gen nnd  hydrogen  gas.  ihai  an  atom  of  oxygen  were 
suddenly  heated,  it  would  act  ivith  increased  energy  on 
the  atom  next  to  it :  and  drive  it  against  the  atom  next 
farthest  off.  I'he  rapidity  of  the  motion  of  the  repelled 
atom  will  increase  with  the  temperature  of  the  repelling 
atom.  Now  we  may  conceive  the  heat  of  this  repell- 
ing atam  to  be  increased  lo  such  *  pilch  as  to  drire  off 
tbe  neighbouring  alomi  with  such  velocity  that  they 
bhall  approach  indefinitely  near  other  atoms  before  tbey 
have  tiroe  to  remove.  But  when  an  atom  of  oxygen 
approaches  indeCnilely  near  an  atom  of  hydrogen,  tbey 
will  combine  and  form  water.  The  combinaiion  is  M- 
tendcd  with  the  disengagement  of  heat,  which  repels  the 
atoms  in  the  neighbourliood,  and  thus  propagates  the 
combination.  According  to  this  explanation,  caloric 
occauons  the  union  of  two  gase^  not  by  dilating,  but 
by  compressing  their  atoms,  and  forcing  them  indefinite- 
ly'near  each  other;  and  electricity  confevsedly  acts  in 
the  same  way. 

According  to  this  notion,  hem  acts  only  indirectly 
when  itoccasions  the  c^inbinaiian  of  gaseous  bodies  i  by 
forcibly  expanding  one  portion  of  the  gas,  a  sudden 
compression  is  produced  in  the  portion  in  ihenetgh- 
bouihood.  This  compression  causes  the  atoms  to 
conabine  i  and  if  the  combination  is  attended  with  the  e- 
vokitioti  af  heat  ia  stifEicient  quantity,  the  same  thing  n 
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Book  in.  cnnsttint]  J  renewed  tiU  the  whole  giseout  mixtare  hai 
combined.  Hence  those  gases  only  cembine  when  set 
on  fire  which  give  out  a  great  deal  «f  heat  in  the  act  of 
uninHy  tL%  f'Xygen  and  hjdrogen,  oxygen  and  carbonic 
oxide.  Others,  whicli  combine  withovtAe  erolutioo  of 
much  heaty  as  oxygen  and  azote,  reqttite  conatant  re- 
newnls  of  the  external  agent,  and  after  all,  it  is  difficak 
to  unite  a  whole  mixture  of  these  gaaea;  «  great  part 
Hftuallj  escape^  unionchcd.  Hence  the  reaaoo  wiiy  s- 
zote  and  oxygen  cimibine  only  when  exposed  to  the  re- 
peated shocks  of  electrical  explosioas,  or  when  anisted 
by  the  constant  heat  of  burning  hydrogen.  Thatf  oaah 
pression  has  the  property  4>f  causmg  oxygen  and  hydro- 
gen to  combine^  has  been  proved  by  the  experiments  of 
Biot.  It  has  the  same  eflfect  upon  all  those  bodies  that 
give  out  much  heat  when  they  unite.  Heaoe  the  rea- 
son  why  so  many  substances  detonate  when  soddialj 
Amck  upon  an  anvil,  or  when  smartly  robbed  between 
tM)  hard  bodies. 

Though  this  explanation  is  certainly  ingenious  and 
very  plausible,  it  is  not  beyond  the  reach  of  objection. 
How  comes  it  that  neither  heat  nor  electricity  cause  any 
gases  to  combine,  except  one  of  the  gases  be  oxygen  or 
contains  it  ? 

Oxreenand  ^*  ^  ^^  "°^  certain  than  any  attempt  has  been  made 
muiutic  a-  |q  unite  oxygen  gas  and  muriaiic  acid  by  means  of  elec- 
tricity. It  is  extremely  probable  from  analogy  that  the 
combination  would  take  place,  and  that  oxy muriatic  a- 
cid  would  be  the  result.  They  combine  readily  when 
the  oxygen  is  nascent  and  the  muriatic  acid  in  solution 
in  water.  Oxygen  and  oxymuriatic  acid  combine  only  in 
consequence  of  a  pretty  complicated  action  of  affinities. 
From  the  greater  difficulty  which  takes  place  in  sepa- 
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rating  the  oxygtn  frovi  hypcrozjrmuriatid  acid  than  ^^*  ^* 
from  ozymntianic^  it  it  pn^bftble  that  t(ie  forner  4sotnn 
pound  is  more  ialimattt  tkan  tbe  Latier.  B«t  the  eKpe^ 
rimentB  iaiheno  made  upon  these  bodies  are  not  suffi- 
ciently nnmeroue  le  ctiable  -chemists  to  eonsider  tliem 
with  precisbn*  - 

4k  It  is^  extroaely  probable,  that  whea  stdphimms^  w^  SdbliiiroQf 
cid  gU  anpd  •oxygen  are  mixed  4^isftber»  theyeomMM  ^a!" 
aad  form  8ul^tiii&  aeid :  Sut>  as  the  esperfttent  has' 
n€ft  been  tnade  in  a  '4eet8hie  motiner^  and^ui  a4  tehiink-* 
able  appeasanc^ '  takes  ^Ii|oe  Mrbea  tli^'tii%^  g^eM^  era 
soraad  together^ilmve  not  ^eMsred  iDl-aitahKe'thextt  i- 
ttoag  thoae  which  oembtne  spdfrtiaeonsly;.  Ik  ^nrtesi- 
1^  left  a  inixlNire  <of  siit|fhiiroi»  iH)ld'ft9*antl  tbttiiMtt 
air  etandcDg  over  mtfienrj  for  two  days  Ifi  fL*ja^.  '  On 
abeorhiag  theMs,  and  exaia^liig^'the  cdaibbhl'atr,  lie 
feaad  Ihat  it  had  b^a  deprived  ^fit  {k^on*  oFltS  tncyw 
gen  \  •  The  two  are  known  to  cbMlrinV  in  *8  "^'heat ; 
but  whe^r  a  portion  of -sutphor  be  first  isqiarafteiff/  at)d 
then  enters  imo  oombustioriy  has*not  been  asclettaSlrted; 

5.  All  the  gaseous  bodies  contained  in  the  preceding  Tbcte  gam 
table  can  be  made,  by  any  of  the  methods  with  which  "^ntpre- 
wc  are  acquaimedy  to  wnite  in  -One  proportion  only ;  *  and  port"«- 
if  we  apply  Dalton's  hypothesis  to  the  compounds  form- 
edy  we  shall  find  that  the  gases  unite,  either  atom  to  a- 
tom,  or  two  atoms  of  one  to  one  atom  of  the  other. 
Whenever  oxygen    and   hydrogen   gas  combine,   the 
product  is  water  ;  oxygen  and  carbonic  oxide  gas  pro- 
duce carbonic  acid,  and  oxygen  and  azotic  gas  alway% 
nitric  acid.     This  is  the  more  remarkable,  because  the 


•  Priettky  On  Arr,  ii.  ji6. 
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Dooklll.^  bases  in  the  last  case  are  capable  of  OBiliQg  in  various 
proportions.  What  fixes  tbem  down  to  this  particular 
compound,  nitric  acid,  when  both  are  gaaoons  ? 
Condtom-  6*  All  these  gases  experience  a  marked  ooodensaliim 
^^^JJ[^  when  they  combine.  The  degree  of  this  can  be  aaoer- 
the  combi-  tained  with  more  accuracy  than  in  the  fiiat  aet  of  gaaei^ 
because  few  of  them  change  their  form.  It  ttaj  be 
seen  in  the  following  Table.  The  first  folninn  rThihiis 
the  constituents  which  enter  into  combinatioo  ;  the  se- 
cond, the  proportions  of  these  bjr  weight  which  consbine ; 
tfie  thirdy  the  specific  gravit j  of  each  of  tbeae  coastidi- 
ents*  ^  die  fourth,  the  name  of  the  compound  forosed ; 
the  fifiA,  its  specific  gravity,  calculated  from  tiie  aeoood 
snd  third  colnmns,  on  the  supposition  that  no  rondfnsa. 
tioQ  took  place ;  the  sixth,  the  actual  specific  gnm^  of 
the  compound ;  the  seventh,  the  bulk  of  the  compood, 
reckoning  its  bulk  at  IQO,  on  the  suppositioa  that  so 
rondensatioii  had  taken  place.  The  last  oolnnm  gives 
the  condensation  per  cent,  the  numbers  in  it  being  the 
complements  of  those  in  the  preiceding  column. 


*  At  the  temperatnrt  of  6o^|  eicq>t  In  the  fir»t  coupouoJ,  when  the 
cpecific  grttitj  it  tikep  at  aiz^ 


A 


CMKitLcnu. 

Propor- 

SprdGc 

Com- 
po<u.d 

fiirmeJ. 

byclcu- 
Ution. 

Specific 

S»Ik. 

Coo- 

Oxygen 
Hydrogen 

59-8 
10- 

0'673 
0-005 

Sicam 

0-287 

0-700 

41- 

59- 

Oxygen 
Cub.  ox. 

31- 
60- 

Carbo- 
nic aci  d 

0-097 

1-500 

6A-4 

33-6 

Oxygen 

Azote 

10- 2S 

1-103 

Nitric 
acid 

1-062 

2-427 

43-7 

56-3 

Oxygci. 
Mur.  Kid 

29- 
100- 

1-103 

Oxym. 
acid 

1-651 

3-760 

SO-7 

40-3 

Oxygen 
Oxymur. 

162- 
129- 

1-103 

2-166 

Hyper- 
oxym, 
acid 

1-503 

rous  icid 

24-3 
14T0 

1-103 
2-265 

Sul. 
phuric 
acid 

1-970 

Oxygen 
Nitroui 
oxide 

lis- 

158- 

1-103 
1-003 

Nitric 
acid 

1-292 

2-427 

53- 

47- 

Oxygen 
Nitrous 
oxide 

78- 
158' 

1-103 
l-d03 

Nitric 
acid 

1-394 

2-427 

5T4 

42-6 

From  thii  lublc  ii  appears  that  oxygen  and  hydwgeii 
undergo  the  gteaust  conden»[ian  ai  nil  the  gases 
when  they  cumbine.  The  least  of  all  appears  to  be  sui- 
uined  by  oiygen  and  carbmiic  oxide,  probably  because 
one  of  these  gases  is  already  a  compound.  Tile  con- 
densation of  nitrous  oxide  and  oxygen,  given  in  the  iw>i 
last  hoiizonial  columns  of  the  table.  ii  only  hvpoiheii- 
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Oirmwia-  muriatic  acid  gas  appears  at  first  sight  liogolar^  ai  it 
docs  not  bom  in  comifion  air  of  ozjgcn  gas»  eloept  whet 
a  heat  is  applied  sufBcientlj  high  to  decompose  die  am* 
mooia.  It  ddibtless  depends,  partly  uporf  the  weaknen 
of  the  affinity  with  which  the  constituoata  of  each  its 
held  together^  the  condensation,  as  appears  from  Ac 
preceding  table,  being  le^  considerable  than  in  noa 
other  instances  }  and  partly  on  the  diminmioa  of  chi- 
ticity  which  the  oxygen  experiences  from  its  Combioi- 
tioa  with  the  muriatic  acid ;  a  dinoiinutioa  by  no  mcaai 
counterbalanced  by  the  intimacy  of  the  combioatioB. 
In  byperoxymuriatic  acid  the  oxygen  and  acid  appear 
to  be  much  more  closely  united.-  Hence,  in  all  piobs« 
bility,  it  would  neitlicr  decompose  nor  bum  ammooia. 
The  product  of  the  combustion  of  ammonia  by  0x7- 
mnriatic  acid  seems  only  to  be  water.  Fonrcroy  af. 
firms,  that  during  the  combustion  drops  of  water  attach 
themselves  to  the  sides  of  the  vessel  *«  Whether  the 
azote  of  the  ammonia  enters  into  any  combination  with 
oxygen,  has  not  been  ascertained.  It  does  not  Kem 
likely.  Fourcroy,  indeed,  affirms  that  the  whole  of  the 
azote  remains  f. 

5*  As  pliosphoms,  even  in  the  solid  state,  rapidlj 
melts,  and  burns  with  a  pale  white  flame  in  ozymoria* 
tic  acid  gas,  we  need  not  be  surprised  that  phospharet- 
ed  hydrogen  gas^  in  which  the  pbo^horus  is  in  a  much 
more  favourable  state  for  combustion,  slkwld  exhibit 

« 

the  same  phenomenon^r    The  flame  is  more  lively  than 


\  Fourcroy *8  Conn$ii.  Cbiir,  u,  3.^9.  Eiifl.  Traoik 


when  the  gu  bunts  in  common  ur.  Altbougb  the  ex-  Chip.  IL^ , 
(Mrtment  b»  not  been  made  with  much  c&re,  there  is 
reason  to  beliere  that  both  the  iiigredienis  of  tht  gas 
combine  with  oxygea,  and  that  the  products  are  water 
and  pboiphoric  add,  while  common  muriatic  acid  it 
evolved. 

0.  Oxfmurialic  acid  act*  in  a  diSerent  mantier  upon    Oirmnrli' 
bydrogeii,  carbureted   hydrogen,  and  carbonic  oxide.   huvT  >■»- 
With  none  of  ihew  does  it  occasion  combustion,  but  ^j^ 
thef  all  decompose   it  tlowty  and  imperceptibly;  the 
respective  conitiioents  of  each  gas  uniting  to  oxygen, 
and  being  converted  into  a  product  of  combustion,  pro> 
vtded   the  quanliiy  of  oxymuriaiic  acid  be  sufiicient. 
Xhis  curious  process  can  be  considered  in  no  other  light 
than  as  a  combuition,  so  cxiremely  slow  that  neither  the 
emission  of  heat  oor  light  is  perceptible  j  for  olherwiic 
the  formation  of  ^ndacU  is  altogether  incoQceivable. 
It  it  in  reality,  then,  the  same  phenomeoon  as  takes 
place  in  the  prcccdiog  gases,  differing  only  in  rapidity. 

It  is  to  Mr  Cruikshaiiks  that  wi;  are  indebted  for  the 
first  accurate  set  of  experiments  on  the  action  of  these 
gases  on  each  other.  Tbe  oxymuiiatic  acid  gas  which 
he  employed  was  obtained  by  beating  a  mixture  of  li- 
quid muriatic  acid  and  hyperozy muriate  of  potash,  and 
contained  a  much  greater  proportion  of  oxygen ;  but  it 
is  probable  that  the  same  phenomena  would  recur  with 
common  ozymurtaiic  acid  gas,  supposing  that  a  suffi' 
cient  dose  of  it  were  employed. 

When  one  mrasure  of  pure  hydrogen  gas,  and  two 
meuurci  of  oxymuriatic  acid  gas,  are  mixed  together  in 
a  phial  previously  filled  with  water,  a  slightly  whitish 
cloud  appears,  but  no  perceptible  diminution  takes 
place.     !f  the  phial  be  stopped,  and  kept  for  24  hours 
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BwfcJP*^  uader  water,  npon  taking  out  tbe  stopper,  wtter  rasbei 
in,  and  oompletelj  filk  the  phial*.  If  tbree  meaaDict 
of  bjdrogen  gas,  and  94  meatares  of  oxjniiiiiatie  acid, 
be'  mixed  in  a  detonating  tiri>e  over  nereucyp  and  aa 
electric  spark  passed  through  theniy  a  feeble  cxplosica 
takes  place ;  the  mercury  rises ;  and^'^on  letting  in  mi 
water,  completely  ills  the  tubef «  Heie  the  tciji 
effect  is  produced  instantly  by  roeana  of  comfanstiQi^ 
and  slowly,  without  any  pcrdeptible  infiamiiietsoB«  The 
hydrogen  unites  to  the  oxygen  of  the  acid  gas,  and  it 
converted  into  water ;  while  the  muriatic  acidy  set  at  li- 
berty, is  absorbed  by  the  liquid.     \ 

The  carbureted  hydrogen  gas  used  by  Cmikshaaks 
was  obtained  by  passing  camphor  or  ether  throng  s 
hot  tizbe.  He  remarked  that  its  propertiea  were  idler- 
ed  by  washing  it  with  water.  Dr  Henrj  haa.  pointed 
out  the  reason  of  this.  In  their  recent  state  these  bo- 
dies contain  a  mixture  of  olefiant  gas,  which  the  water 
removes  %•  When  one  measure  of  welk washed  carbu- 
reted hydrogen  gas  is  mixed  in  a  phial  with  two  mes- 
sures  of  oxymuristic  acid,  no  immediate  diminution  of 
bulk  takes  place ;  but  if  the  phial  be  left  stopped  for  24 
hours,  two*thirds  of  the  mixture  immediately  disap- 
pear :  the  residue  consists  partly  of  carbonic  acid,  part- 
ly of  carbonic  oxide.  But  if  the  gases  be  mixed  in  the 
proportion  of  one  measure  of  carbureted  hydrogen,  and 
3*8  measures  of  oxy muriatic  acid,  then  the  whole  of 
the  residue  is  carbonic  acid  $• 


♦  NichoIf(Oii*H  ^jrto  J«ur.  v.  204.  f  Ibid.  p.  2Z64 

t  Nicholson's  Jour.  %i.  70. 

^  Crulkshankt,  Nicholsoni,  ^atio  Jwr,  t.  104. 


OF  OASES;  4lsi 


"When  tliese  gmtet  are  fired  b^  means  of  dectricii^,  a  Cfci^lt 
small  portioii  of  inflamteable  efantic  fluid  always  ie» 
mainti  however  great  a  proporlioo  of  oxjrminriatic  add 
be  empk>jed.  If  the  proportioii  of  licid  gar  fetoo 
amall^  a  qoaaltty  of  cfharcdal  is  deposited  at  the  time  of 
the  explosioo  i  but  if  it  be  large^  there  ik  no  depositee 
the  whole  chareoal  bemg  converted  into  carboniis  odd* 
One  measure  of  carboreted  hydrogen^  tfnd  two  of  .'osjr^ 
annrtatie  aeid,  wheti  fiiedp  deposited  ebarooal-i :  but;  one 
of  the  inflammaU^  gas,  atid  four  of  the  aoid  gas^  deto^ 
nated  feebly }  no  deposit  look  place,  carbdnie  acid  be- 
ing left  miEi^  with  socne  inflammable  air  *4  ■ 

.  These  pbjtnomtaa  are  very  rtmackable^  and  not  ea- 
sily  explained.  We  see  from  them,  that  in  all  eases  it 
is  the  hydrogen^  aS  might  be  expected^  which  bOms  in 
prefereoos  lathe  carbon,  in  conseqoehce  Of  its  stronger 
nflbity  for  oxygen*  Indeed  the  whole  pbeoomeoa  alrfe 
precisely  similar  to  what  happens  whcii  flhosphtireted 
hydrogen  is  mixfed  with  oxygen  gas*  If  the  gaseous 
supporter  be  preset  in  too  small  a  proportion^  the  hy- 
drogen is  burnt,  while  the  phosphorus  is  partly  bunt 
and  partly  oxidited ;  hot  if  the  oxygen  be  in  sufficient 
quantityi  the  whole  of  the  phosphorus  is  couTerted  into 
an  acid.  In  like  manner^  in  this  case  the  hydrogen  is 
converted  into  water,  arid  the  carbon  partly  into  carbo«^ 
nit  actd^  and  partly  into  carbcoic  oxide^  if  the  oxymu* 
riatic  acid  gas  be  deficient,  or  Wholly  into  carbonic  add 
if  it  be  in  suffident  quantity.  The  d^posile  of  chaTii 
coal,  when  the  mixture  is  fired,  is  obvionily  owing  to 
the  suddenness  of  the  combustion  of  the  hydrogen^ 


«  ChtikibMikt,  MicMaia*t  If^trt^  Smr.  v. 
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lbs  mtxi.t  n- 

wotitm  vsMk  itao. 
h  14  ■CHMC*  «f  dM  Mil  CM,  ib«  wiMl*  b  pi. 
darilf  BJiMfiJ  iMi  fbwit  Ki4.  Thcw  aBxnmi 
emmat  b«fandhy  — M»«f  rfmiigtr*.  The  toM 
it  abviMHlr  WoMiM  IW  ninHiMi  gM«HMa» 
ftydngn  1  fsr  il  b  dw  niiiifcrtiin  at  itt  lif  iW|pi 
tlM>iimiinn»thrt«fdwc»W^wfcuiiiiMin»»i 


*Mir!li      "1.  lb*  "Olio* of  M^iBBrMe  •ei4 Bji*  • 

•MMgM.  uBgeBdded4iib«MfiTiinItaMliMfladMp««MAi|i 

WImb  Mmm  nwif  ,rf  tlM  wbA  gm  wtm  aba4  «lfc 

a;,  of  tbe  oMtBt  gu  «nr  iMtcr,  k  nfi4  CMdMMJM 

nkM  plMCi  MCOMpHtlMl   6*^  tb«   CTDlotlaB  «f  hM*(  I 

WM817  npoar  trickles  down  ibc  sidnof  tb«  vend; 
and  I  while  opsone  fluid,  having  the  appeal— u«  of  oi^ 
float!  apon  the  sarfice  of  tba  water.  If  Itt  tw*  gam 
1m  pore  tbey  disappear  eom^eidjt.  The  Minaof 
tb»  mntiul  aetioD,  first  obaerred  by  tba  Dutch  TlTfim 
bu  not  hitherto  been  aocnratelj  examined.  It  b  ek 
vioBilj  nrjr  different  from  eombiution.  The  oilf 
matter  is  ver;  eombostible.  Wbetfaer  this  oilj,  or  ib> 
ther  ctfaerial  fluid,  be  merely  U>e  whole  okGaat  gta 
cembioed  with  oxygen,  or  whether  it  be  that  gas  co»> 


t  H«fy,  NkMnn-*  A»t  ai.  7«. 
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denied  by  the  separation  of  a  portion  of  itj  Iijr<Irofcn,  ,  ^'"P'  P- . 
sod  ihe  conversion  of  it  iolo  water,  is  unknown.  The 
.phenomena  correspond  pretty  well  with  the  latter  tup- 
position.  When  an  electric  spark  is  passed  through 
this  tnixturc  before  it  has  lime  to  condense,  a  detona- 
tion takes  place,  water  and  carboiuc  acid  are  formed, 
and  abundance  of  charcoal  deposited,  as  was  first  ob- 
served by  the  Dutch  chemists  '.  It  is  not  improbable 
that  the  deposition  of  charcoal,  observed  by  Cruil^ 
shanks,  when  a  mixture  of  carbureted  hjdrogcn  and 
oxymuriatic  acid  was  fired  by  electriL-ity,  was  owing  to 
I  Che  presence  of  some  defiant  gas  ;  for  the  quantity  dc^ 
I    posited  was  greatly  diminished  by  washing  -  the  gas  in 


I 


The  following  little  Table  exhibits  the  proportion  of 
oxymuriatic  acid  gas  necessary  to  be  mixed  with  one 
measure  of  the  four  gases  last  examined,  in  order  to 
obtain  a  complete  decomposition  : 

One  mcuotc  of  Mamm  of  Arid  Gm.     TaUeofthc 

Hjdrog^g. 1-16  im,% 

Carbureted  hydrogen .S'OO  pniduccde- 

compoii- 
Carbonic  oxide 1*33  uatL 

Olefiantgas 1'20 

e.  The  effect  of  oxymuriatic  acid  npon  sulphtireted 
hydrogen  and  sulphurous  add  gas  has  not  hitherto  been 
examined  with  much  precision.  The  latter  is  no  doubt 
converted  into  sulphuric  acid.  In  the  former  the  hy- 
drogen is  converted  into  water,  and  the  sulphur  proba- 
bly deposited  in  the  state  of  an  oxide.  They  would 
JDubtlcGS  bum  by  means  of  electricity,  and  the  pheno* 
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Bwfcni,    ai«ia»baIlprobaUlhypW«kdd.M«lymacide«rfchAi 
comboitioo  of  carfcoretwi hyiirqim  mOm mmm iwy» 
piymwia-       Ou  Wheo  nitroQt  m  tad  ujwriMm  aciil  «ie«B» 

tic  Kid  sod  ■        ^ 

pitfoM  gn.  cd  together,  Humboldt  hv^ffaoiwii  ihet  the  furawf 

aimbuies  with  oxygen,  aad^  it  ^eoveeiod  kilo  obde  aoii^ 

«rhile  the  latter  is  ledoeed  io  the  ataie  of  'mafmmm  M^ 

ihticadd.    Heoce  boihl» ■»» ceoipleiriy  ohMribeily 

vmter,  Mqq>oting  them  pnie,  ood  mistf  ift  tbt^lni^fdde 

fioponioof.    Hesteteetheiepro^orttooeoy  hjOMtloti 

«f:eeeh*.    This  propertjt,  which  oiiroiio  goehmsf^ 

obsorbiDg  ozjgen  from  oj^oiwiatie  teid,  -wStk 

et  first  view  rather  ipeoo%ktent  with  a  focl<iPeU 

itp  all  imcfieal  chemists*.   When  mtrio  and 

adds  are  mixed,  oxymoriatic  acid  is  fomedt  aad  mtj 

bo  expelled  in  coosiderafalo  qvaatity  by  la  snoderue 

heat)  but  the  decompotitioii  of  the  nilrie  acid  u«C0B- 

plicated  case,  and  is  the  result  of  two  £or€ea  artiag  csa* 

jointly ;  namely,  the  affinity  of  morialic  acid  far  eaey- 

gen,  and  th^t  of  pitric  acid  for  nitrons  gas*     For  a  gfsst 

part  of  the  nitric  acid  remains  ondeoamposed,  and  be- 

comes  in  part  saturated  with  that  gas. 

Vknm  wu       10.  The  spontaneous  decompoiidon  prodooed  whea 

t£ttr  "^''O"  S^  »^  *ulphureted.h7drog«.  g<u  «e  »i»dt.. 

ffiW*"*  gether,  was  first  observed  by  Mr  Kirwan,  The  gases 
ought  to  be  dry,  otherwise  their  mutual  action  is  great* 
ly  impeded.  This  mutual  action  of  these  two  gases 
was  al^  ascertained  by  Austin  f ,  and  has  since  bceo 
more  minutely  examined  by  Mr  Davy ;(,  who  coofinned 
the  fact  previously  asserted,  that  no  sulphurous  or  id- 


f  Am,  it  Cbim,  xxviii.  I4S.  f  P^^^'  Tnuu.  1 788,  p.  ^84 

I  Rtsearxbet,  p.  ^i* 
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pliaric  acid  is  formed ;  aod  showed  that  the  new  com- 
pounds are  nitrous  oxide,  ammonia,  and  water ;  and 
that  the  nitrous  gas  suffers  a  diminution  in  bulk,  rarj- 
ing  from  0*55  to  0*7*  During  the  decomposition  a 
iquantity  of  sulphur  is  deposited.  This  spontaneous  de- 
composition appears  at  first  sight  altogether  tmaccount- 
able ;  nor^o  I  see  how  it  can  be  rendered  intelligible 
upon  any  principle,  if  we  suppose  that  the  ultimate  pro- 
idocts  are  the  onl j  ones  formed :  but  it  is  highly  proba- 
ble that  the  first  thing  which  happens  is  the  mutual  de* 
jcomposition  of  an  atom  of  nitrous  gas  by  an  atom  of 
solphureted  hydrogen,  and  the  formation  of  an  atom  of 
ammonia,  and  another  of  sulphurous  acid  ;  but  sulphu- 
rous acid  and  sulphureted  hydrogen  gas  mutually  de- 
compose each  other,  as  has  been  shown  by  BerthoUet. 
The  next  step,  then,  is  the  action  of  the  new  atom  of  sul- 
phurous acid  upon  an  atom  of  sulphureted  hydrogen. 
This  action  is  modified  in  such  a  manner  by  the  super- 
abundance of  sulphureted  hydrogen,  that  the  products 
are  an  atom  of  oxide  of  sulphur  and  an  atom  of  hydro- 
gen ;  this  atom  of  hydrogen  acts  in  its  turn  upon  two 
atoms  of  nitrous  gas,  combines  with  an  atom  of  oxygen, 
and  thus  forms  water,  while  the  two  atoms  of  nitrous 
gas,  deprived  of  a  portion  of  oxygen,  remain  in  the 
state  of  nitrous  oxide* 

Such  are  the  phenomena  of  the  action  of  those  gases 
on  each  other,  which  mutually  decompose  each  other 
spontaneously.  Almost  the  whole  of  them  consist  in 
the  action  of  a  supporter  on  a  compound  combustible  ; 
the  new  compounds  are  usually  products  of  combus- 
tion ;  of  cotu^e  the  process  is  similar  to  combustion,  and 
heat  we  may  presume  is  evolved.  The  action  is  faci- 
litated by  the  diminished  elasticity  and  loose  state  of 


A 


Its 


ccMiMislioo  of  one  oftto  nfCMMUk  xwt^pftnt^ 
in  tome  of  diete  nuytoitt  i^  ooBltant*;''Mt  ikMni 
tfiej'  vif7  with  the  propoMon  of  <he  iayiJifti  of  Ac 
qeconipoiing  fetes* 

TV.  The  gitet  whkh  nix  irfAMfe  ^ptoWwoii  li^ 
eompotitjooy  hot  whidl  mej  ho  tfcifc'to 
eeeh  other  in  perdcidir  ciiaiaitliacc% 
sroecb  lof  to  ignited  hoAfi 
Mfted  throngly  fhem,  (tc.  ait  UMt  ftnineMM 
weoeding* 
^•ioe  y.  Thefi9HoirangTehkeidubili»1lil6f  A^flMtit* 

jMiiiiiMi      fluriLtUe  elTthete  mtxtoret : 
g^}j^jy  0Qr|co  widi  tolphivetflid  hjdrofM 

enewml  njoiufjcu 
jBirbiircttd  hjGTog^ 
oleSantgM 
yepoi^  (^edMer  *S 

iOeohel' 

SRtroiit  ofidie  with  hydrogen 

pbotphnreted  hjdrogcft 
folphoreted  hydrogen 
carhooic  oxide 
ctrhnreted  hydrogen 
olefitnt  gas 
Taponr  of  ether 
Nitrons  oxide  wilh  Taponr  of  aloohol 

sniphurons  add 
mtric  add  with  hydrogen,  and  prohaUy  all  die  prece* 

ding  combnstihle  gates  and  Tapom 
solphnrons  add 
Nitrons  gas  with  hydrogen 

sniphurons  add 
Pydrogen  with  snlphnxons  acid 
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rogea  witb  carbonic  acid  Chtp.  u.  ^ 

^ur  of  water  with  curburcted  hjdrcg^a 
olefisnt  gas 
muriatic  acid 

Theie  decompouiions  are  of  two  kinds  :  some  are  ac- 
companied or  produced  by  combttslian,  and  are  of  course 
mitantaneous  ;  others  take  place  without  combustion, 
and  are  of  course  very  slow.  The  first  kind  supposes 
tlie  mixture  of  a  gaseous  supporter  of  combustion  wiili 
a  combustible  gas  :  the  second  supposes  either  the  ab- 
scDce  of  a  supporter,  or  the  presence  of  one  which  can- 
not be  decompofied  by  the  combustible  bau,  or,  finally, 
the  absence  of  a  combustible  base.  The  bst  of  )he  com- 
pound gases  capable  of  decompoungeach  other  without 
combuMion  is  probably  very  iucompleie. 

2.  Sulpbureted  hydrogen  gas  may  be  kept  mixed  Sulphorct- 
with  common  air  or  oxygen  without  undcri^oing  any 
change  -,  but  iftha  miKiUre  be  made  to  approach  an  ig- 
nited body,  combustion  immcdiaiety  takes  place,  and  the 
prct^ucts  vary  according  to  the  proportion  of  the  gases 
mixed.  If  the  oxygen  be  small,  or  (which  is  the  same 
thing)  if  it  be  admitted  slowly,  as  by  setting  fire  to  a 
phial  full  of  sulphureied  hydrogen  gas  standing  in  the 
open  air,  in  that  case  a  great  proportion  of  the  sulphur 
is  deposited  unaltered,  and  some  sulphurous  acid  ii 
formed.  In  this  case  we  see  that  it  is  ibc  bydrogen 
which  burns.  The  combustion  is  precisely  ibc  same  as 
that  of  pure  hydrt^gen.  The  heat  produced  is  sufficient 
to  set  lire  to  a  portion  of  the  sulphur,  but  the  greatest 
part  escapes  uaafiected.  If  sulphur  were  combustible 
at  as  tow  a  temperature  as  phosphorus,  sulphuretcd  hy- 
drogen would  bum  spontaneously  as  well  's  phosphu- 
iTled  hydrogen.     It  is  this  circumstance  which  distiii. 


(d  hydro- 
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•MfclP'  gmshet  them :  The  phendnwna  of  tlM  tfoariHUtm  an 
ftbsolotelj  the  same.  •  It  is  iIm  hjdrogn^rliicli  Mta 
with  oxygen,  and  not  tho  aolid  which  it  boUa  in  toh. 
tion.  But  the  heat  evolved  ia  aufficicnt  to  maintain  the 
combnstioQ  of  thii  solid  {  acoocdioglyria^alw  coaahiMi 
with  oxjgeo,  if  the  proportian'of  that  prinripio  kt  aafi 
ncient* 

9*  The  oemhoitien  bf  arienical  hjdf ognO'  ia'  pneUkf 
atmilar  to  that  of  tho  pneeding.  It  ia  Jth»  h/di0|aa 
which  burnt  while  the  arsenic  is  depoaita^  if  tlia  sop* 
plj  of  oxjgen  be  small.  'When  two  parte  of  die opss- 
bnstible  gas  are  explodad  with  three  oCoiz)rgan,ihe 
metal  is-  oxidiied.  ProbaUj,  were  the  ptopertien  of 
osjgen  saiBcienty  the  arsenic  would  bo  aoidiied  K 

4.  The  phenomena  of  the  combustion  off'cathifciaiai 
'^  hjdfogen  and  olefiant  gas  with  oxygen  hai^  beta  exa* 
Utsir.  miaed  bj  Crnickshanks,  BerthoUet,  and  Hemry.  Tbtj 
$xt  extreme] J  coriousy  and  not  easily  showa  tvte 
logons  to  what  happens  in  other  cases.  The 
sitions  to  which  they  bear  the  greatest  resemblance,  are 
those  of  the  same  gases  when  fired  with  oxymntiaiic 
acid.  When  this  acid  gas  is  deficient  in  quantity^  there 
is  always  formed  a  portion  of  inflammable  gas^  which 
possessed  the  properties  of  carbonic  oxide,  while  a  qnaa« 
tity  of  charcoal  is  deposited.  In  the  same  manner,  when 
olefiant  gas  or  carbureted  hydrogen  is  mixed  with  an 
tinder  proportion  of  oxygen,  charcoal  is  depoaited,  and 
the  residue  is  inflammable.  berthoUet  mixed  four  mes« 
sures  of  olefiant  gas  with  three  of  oxygen^  and  fired  them 
by  means  of  electricity.  After  the  explosion  the  bulk 
was  no  less  than   1 1  measures :   or  the  gases  had  ex- 
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fiirtie6  rather  more  than  onc>haIf  their  original  butlc. 
Of  course  the  specific  gravtt<r  must  have  ditnioished  in 
the  same  proportion.  7'be  residue  was  inflammable 
gas,  containinjj  a  liule  carbonic  acid.  Some  water, 
loo,  appears  to  have  been  formed.  The  residual  gas, 
wben  mixed  wilh  a  siifllcient  dose  of  oxygen,  exploded  a- 
g»in,  and  the  residue  was  completely  absorbed  by  lirac- 
waicr*.  This  experiment  cannot  be  explained  with- 
out supposing  the  gas  formed  by  the  first  explosion  dif- 
ferent from  any  at  present  known.  Berthollct  tndcavoun 
to  show  that  it  is  carbunic  oxide  ;  but  the  spccitic  gra. 
vtty  of  this  gas  is  greater  than  that  of  oleliant  gas,  and 
its  formation  ought  to  have  been  accompanied  by  a  con- 
densation instead  of  expansion.  The  i»ct,  too,  that  ■ 
great  portion  of  the  oxygen  must  combine  wilh  the  in- 
gredients  of  the  olefiant  gas  without  combustion,  while 
another  portion  actually  mixed  urtth  it  is  undrrgotng 
combuElioD,  is sufGciently  puzzling,  Clement  and  Oc- 
sonnes  have  got  rid  of  the  difliculiy  by  supposing  that 
hydrogen  gas  is  evolved  ;  but  the  evolution  of  pure 
hydrogen  gas  by  combustion,  while  oxygea  gas  is  pre- 
sent, and  the  combination  of  this  oxygen  in  preference 
with  carbon,  are  absolutely  inconceivable,  and  caonAt 
therefore  be  admitted.  Mr  Cruickshanks  mixed  vx 
measures  of  what  he  considered  as  pure  carbureted  hy- 
drogen wilh  4t  of  oxygen  f.  After  the  explosion  the 
residual  gas  amounted  to  about  I'-^S  measures.  Of 
lliese  2i   were  carbonic  acid  gas;  the  remaining  lo; 


■  BertMlet,  SlatijiuChimifM,  U.  71, 

t  Thii  ii  in  the  Mme  propurlion  u  ia  Bcnliol^'i  eiperimciili  ;  iri:. 
lour  muuirct  larburtlrd  bydtoi-tit  and  ibcee  uf^ea  ^  cite  reudiK 
wowkl  hive  been  S-j,  had  be  utet]  (bcK  nicawtct. 
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Beokm.  ivere  inflammable,  and  required  for  complete  combos** 
tion  5i  measures  of  oxjgen  gas  *•  lo  thb  cxperiacat 
the  first  explosion  obviously  produced  the  combuscion 
of  a  portion  of  the  gu«  The  rest  oadoabcedlj  uniied 
with  oxygen.  The  inflammable  lesidae  ngreeawith 
carbonic  oxide  in  the  quantit j  of  oxygtm  neoesaarj  lo 
bum  it  completely  ;  but  it  diflRers  esseadallj  from  thst 
gas,  both  in  specific  gravitj,  as  is  obviotts  from  tbec^ 
paDsion,  and  in  the  quantitj  of  carbonie  acid  formed. 
For  carbonic  oxide  yields  nearly  its  balk  of  carbonic  a* 
dd,  whereas  this  gas  yields  only  half  its  bulk.  These 
/acts,  as  well  as  the  preceding,  are  incoapetibk  with 
the  supposition  that  this  gu  agrees  with  aoy  of  those 
at  present  known.  They  demonstrate^  I  think,  tbe  truth 
of  BerthoUet's  notion,  that  there  really  exiats  a  gas  eiw 
titled  to  the  name  of  oxycarbureted  hydrogen ;  for  it  k 
not  possible  to  doubt  the  existence  of  hydrogen  in  thk 
residual  gas*  But  this  illustrious  chemist  has  not  pes- 
ceived  that  it  diflfers  essentially  in  its  propertiea  from 
carbonic  oxide.  We  may  presume,  therefore,  with 
BerthoUet,  that  when  carbureted  hydrogen  or  olefiant 
gas  is  exploded  with  an  under  proportion  of  oxygen  gai, 
there  are  formed  water  and  carbonic  acid  by  the  com- 
bustion, and,  besides,  a  notable  proportion  of  oxycarbu- 
reted hydrogen.  It  is  not  unlikely,  from  the  experi- 
ments of  Dr  William  Henry,  that  oxycarbureted  hydro- 
gen  is  formed  during  tbe  distillation  of  peat  and  wood  f . 
On  the  supposition  that  the  residual  gas  is  oxycarbu- 
reted hydrogen,  the  mutual  decompouiions  and  combi- 


Oiycarbv- 
rcted  hj- 
dregen 
producedi 


♦  Ntf hoUoB*f  J^Mff*  Jmr,  t.  7. 

t  NichoUon*ft  Jwn  xL  66.    When  peat  is  distilled  a  gas  it  ohoioe^ 
uhich  alio  pcKCKes  the  charactcn  of  oxycarbureted  hydrogen. 
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Mtrona  miy  be  represented  by  symbol*  according  to  ,'^P-^-. 
Dalton't  hypoihesii.  Lei^  be  the  symbol  of  csrbou, 
and  let  us  suppose  with  Dalton,  that  olefianl  g»s  is  com- 
posed of  »n  aiom  of  hydrogen  uid  no  atom  of  carbon, 
then  its  symbol  will  bcQ^  :  the  symbol  for  ozycar- 
boreted  hydrogen  will  be  GO©-  "^^  '""""  olefi«i»t 
^s  completely,  three  atoms  of  oKygen  would  be  ne- 
cessary for  every  atom  of  the  combustible  gts  ;  for  the 
prodacts  would  be 

00  W"" 

CffXJ  Carbonic  acid. 
Now  let  us  suppose  ihai  instead  of  three  atoms  oF  oxy- 
gen for  every  atom  of  olcfiant  gas,  there  are  present  on- 
ly five  atoms  for  every  three  of  the  combustible  gas,  in 
that  ease  only  one-third  of  the  atoms  of  olefiant  gas 
wouM  be  completely  burnt  by  combining  with  three 
atoms  of  oxygen  each  ;  the  remaining  two  thirds  of  the 
attnns  would  combine  citch  with  one  atom  of  oxygen, 
and  thus  be  converted  into  oxy carbureted  hydrogen.  -In 
ihe  case  of  carbureted  hydrogen,  the  results  svould  be 
explicable  on  a  similar  hypothesis. 

When  the  quantity  of  oxygen  is  sufficietit,  both  car- 
bureted hydrogen  and  olefiant  gas  burn  completely,  the 
products  being  water  and  carbonic  acid.  From  iheex- 
periments  of  Cruik&h»nlts,  Henry,  and  Datton,  we 
learn  that  pure  carbureted  hydrogen,  in  order  to  under- 
go complete  combustion,  requires  twice  it;  bulk  of  oxy- 
gen gas,  and  olefiant  gas  three  times  its  bulk.  The  cir- 
booic  acid  yielded  by  the  first  is  just  equivalent  to  its 
ownbuiki  that  yielded  by  the  second  is  twice  its  bulk'. 


hlTLiloDk'i,  Nilhalsoii 
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Book  lit  5.  J^t  logenhoatz  first  ditcovered  that  the  Tftpour  of 
Ether  uid  ether  has  the  property  of  detonating  wkh  coinwon  m 
^^TK»*  nod  ozjgen  gas.  Crnikshanks  diseoveied  that  the  d> 
tonatioo  takes  place  onlj  when  a  eertain  proportioa  of 
the  eUstic  fluids  are  mized^  and  that  in  that  ease  the  de^ 
composition  is  complete*  The  same  xemarks  applj  to 
the  vaponrs  of  alcohol.  These  two  irapoars^  theo,  s- 
gree  exactly  with  carbureted  hydrogen  and  olefilnt  gu 
in  the  nature  of  the  decompositions  which  thej  undei|o 
when  fired  with  oxygen  gas^  as  they  correspond  with 
them  in  the  elements  of  which  they  are  composed. 

Cruikshanks  founds  that  when  one  measure  of  the 
vapour  of  ether  is  mixed  with  selren  measures  (or 
more  precisely  0*8)  of  oxygen^  the  mixture  explodes 
by  electricity  with  prodigious  violence  }  that  the  de- 
composition is  complete,  the  residual  gas»  amomitiag 
to  5  (or  rather  4'0)  measuresf  being  carbonie  acid.  Mr 
DaltoQ  hit  upon  a  very  simple  and  ingeniofu  method 
of  producing  this  detonation  and  decomposition  at  plea- 
sure. He  puts  into  a  detonating  tube  any  quantity  of 
oxygen  gas,  and  lets  up  into  it  (standing  over  water)  s 
little  ether.  Its  bulk  immediately  increases,  in  conse- 
quence of  the  conversion  of  a  portion  of  the  ether  intcf 
vapour ;  so  much  so  as  to  be  sometimes  doubled.  Bj 
agitating  the  tube  a  little,  a  portion  of  this  vapour  is 
dissolved  in  the  water,  and  of  course  the  bulk  of  the  gu 
diminishes*  By  repeating  these  agitations^  the  propor* 
tion  of  ether  left  may  be  diminished  at  pleasure.  We 
have  only  to  continue  them  till  the  bulk  is  ^th  more 
than  before  the  admission  of  the  ether ;  for  then  we 
know  that  the  vapour  of  the  ether  amounts  just  to  ^th 
of  the  whole.  Now  if  the  specific  gravity  of  the  va- 
pour of  ether  be  2*25,  a  cubic  inch  of  it  should  we^h 
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C-7  graiDS.   Xhc  6'8  inches  of  oxygen  weigh  2'S  grainsp     Ofc^^^L^ 
which  makes  ft  total  of  3  grains.  .  The  products  were 
4*6  incbea  of  carbonic  acid  and  water :  4*6  inches  of 

* 

carbonic  add  contain  4*6  inches  of  the  oxygen  gaSp 

"weighing  1*6  grains,  and  combined  with  about  *6  grains 

of  carbon.     The  remaining  2*2  inches  of  oxygen  must  Comtrt** 

have  combined  with  hydrogen  ;  and  we  knowihat  they  ^^^^^ 

must  have  combined  with  what  is  nearly  equivalent  to 

4*4  inches,  or.  ^boiit  0*1  grain  of  hydrogen.     Hence 

«ther  is  composed  of 

0*1  hydrogen 

0  6  carbon 

^^^^■^"*  ■    •    .  • 

which  corresponds  with  the  weight  of  the  vapoOr  of 
ether*.  When  the  vapour  of  alcohol  is  fired  in  tho 
same  way,  a  much  greater  proportion  of  carbonic  acid 
is  produced.  Cruikshanka^  from,  his  experiments  <m 
this  vapour,  concludes  that  it  is  a  compound  of  eight 
parts  carboa  and  one  hydrogen^  and  that  it  contains  no 
oxygen ;  but  Mr  Dalton,  who  repeated  the  same  expe- 
riments,  and  who  considers  the  gas  produced  when  a]* 
cohol  is^passed  through  a  red  hot  tube  as  a  mixture  of 
olefiant  gas  And  carbonic  oxide,  considers  an  atom  of 
alcohol  as  composed  of  three  atoms  of  carbon,  two  of 
hydrogen,  and  one  of  oxygen. 

Such  are  the  phenomena  of  the  decomposition  of  the 
compound  combustible  gases  when  fired  with  oxygem 


■• 


*  In  this  reasoning  no  corrf  ction  has  been  introduced  for  the  tempe* 
rature.  -When  it  is  attended  to,  the  proportion  of  cirbon  will-  be 
MMiiewhat  greater  th^  that  ttated  in  the  tcxt^ 
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Bnok  Iff,  either  deficient  in  qnantit j  or  enflident  to  ntnnlt  then 
completely.  The  following  litde  Tabk  exbibili  tk 
bulk  of  oxygen  necessary  to  decompose  eoapletdy,  lad 
saturate  with  oxygen,  J  00  inches  of  each  of  these  bo- 
dies. 

100  Mcanret  ol  offOiyfHL 

Bulk  of  oi.  Sulphnreted  hydrogen ••  75 

y«cn  which              A        •    1 L   J  -     1 

taturatet  Arsenical  hydrogen • 15IH* 

i^oc  gMCfc  Carbureted  hydrogen 200 

Olefiant  gas 300 

Vapour  of  ether*. • 060 

^— — -i^-i*  alcohol ^ 

Nicnrat  oz-       0*  The  phenomena  which  take  place  when  the  eoa- 
^'  bostible  gases  are  fired  with  nitrons  oxide,  nre  aimilsr 

to  those  that  happen  when  they  are  fired  with  oxygca. 
The  products  vary  with  the  proportion  of  the  ingredi- 
ents ;  but  they  are  always  constant  when  the  qoantitf 
of  nitrons  oxide  is  sufficiently  great  toprodnoe  oomplele 
decomposition.  As  this  supporter  of  comboation  is  it- 
self a  compound,  it  is  always  decomposed  by  its  action 
on  the  other  gas,  and  this  adds  greatly  to  the  complex^ 
ness  of  the  result.  It  is  to  Mr  Davy  that  we  are  in- 
debted for  the  most  exact  set  of  experiments  on  these 
decompositions. 

It  appears  from  the  experiments  of  Davy,  that  when 
jen.  nitrous  oxide  and  hydrogen  are  mixed  together  in  the 

proportion  of  100  measures  of  the  latter  gas  to  97*5 
measures  of  the  former,  an  electric  spark  occasions  the 
complcrte  combustion  of  the  hydrogen  and  decomposi- 
tion of  the  nitrous  oxide.  The  products  are  water  and 
azote,  amounting  to  102*5  measures.  In  this  case  no- 
thing else  happens  than  a  complete  combostion  of  the 


hydrogen :  th«  pheuoroenon  is  exactly  the  same  at  when  <^p-  II. 
bxjgrn  and  hydrogen  mrc  exploded  by  electricity.  Il 
shows  oi  ihe  supeiiot-  nffmily  of  hydrogen  over  azote. 
Whin  ihe  proportion  of  niirous  oxide  greatly  exceeds 
wlni  it  rerjuvsiie  tor  burning  the  whole  of  the  hydro- 
gen, in  thaicBM  theiurpIuK  is  decomposed  and  convert, 
ed  into  nitiic  acid,  and  a  gat  uljich  possesses  the  pro- 
perties of  common  air.  The  time  decompoMlion  hap- 
pens when  the  nitrous  oxide  is  passed  tlirough  a  red  hot 
tube.  We  must  ascribe  it  tlitTefore  solely  to  the  beat 
cTolved  by  the  combustion  of  llie  hydrogen  *.  Thus 
it  does  not  appear  that  the  nature  of  tlie  dccom position 
t«  allta-ed,  in  the  case  of  hydrogen  litid  nitrous  oxide,  by 
varying  the  proportion  of  tlic  tngrrdtents. 

7.  When  one  measure  of  phosphureted  bydrogeti  is  s-m»a  ot- 
mtxed  with  2|  me^sutes  of  nitrous  oxide,  electricity  "^Jfhiirtt. 
fyrodficec  an  explosion,  accompanied  by  a  complete  de-  *i  bjin- 
cooiposilion .  The  new  products  are  water  aod  phos- 
phorickckl,  andthe  residual  gas,  ainonnting  to  2^  <nca- 
saras  is  pure  azote.  This  combustion  is  precisely  si* 
milar  to  that  of  the  same  gas  in  pure  oxygen  ;  so  tbat 
llW  azoR  in  niitous  oxide  acts  merely  by  retarding  the 
cofnbinaiion  of  the  oxygen  «  little-,  and  thus  rendets  s 
gteatrr  degree  of  heat  necessary.  When  there  is  ait  ex- 
cels of  nitrous  oxide,  as  Gve  measures  of  it  I o  one  of 
the  combustible  gas  the  ssime  complete  decomposition 
vt  the  gss  lakes  place,  and  the  residue  of  nitrons  oxide 
is  decomposed  by  the  heat  of  the  combustion  into  nitric 
■ad  and  common  air,  precisely  as  when  paatcd  through 
n  red  hot  tube.     The  phrnoaiena  are  not  so  easily  ex- 


•  Diiy'i  S:-urth",  p.  sM. 
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Btokin.    fUtmi  when  fhe  iiTiniflmHid.  fcyJwumi 
'•        Tbni,  OM  uMMmt  of  that  git  vUk.ltftf  a 
miKDiis  gtt  do  opt  oplodt  «l  alL  i 

SttllpOtt  thlt  tho  OtOOMof  BttKOS 

odiHtnco  firon  eorii  other  .to 
Mtmi.  PcoboUjthco 
•I  the  pboo  whm  the  sfwk  poaot^  mad  ly.iha.lm 
omdnned  odimi  of  ekctricttf » flietiroifpMO,f II  |l| 
KaMw  deooniMiie  eeeh  othee*  aft&i^ttelknf -BMiMMi 
wooUodniu  Wbeoooomeatimof  phoiptalcteAlfi 
diogen  is  mixed  with  14  meonuo  oCMtn«e  mni^  i^ 
tooalioo  it  pcoduoed.  Deoio  while  fiuMp  JB  the  .«i 
ttl;  andtheiesidMlgei^joiteqnliB.taSL^lhoM 
ginml  iiiizture»  wesfooad  hj.  Mr  Dei^  lo  cesfpiliCa 
mixture  of  eiote  end  hjdregui,.  Thin  neeMlK  ie  Iplff 
enomelotti ;  far  in  all  other  eeiee  w»  hnfr<wi.ihO 
hfdiogenibant  in  rrefafenee  in  itaffken^.  IhiAiif 
'  piodnoed  moit  haw  heen  enficieni  to  ani  fien  to  ligto* 
gen )  far  we  kaon^  firoai  Dney*^  nfmmmth  iAtt 
phoftphonu  will  not  hnm  in  nitrona  oiido  caBeepi  whm 
cspoead  to  a  white  heet*.  -^ 

MimwMf      0.  Snlphnieied hjdiogen ge% like f heephuretrf ly* 

JJIJIII^I      drqgeo,  wiU  not  detonate  with  i 

n^^V**     proportion  of  tho  latter  gaa  he 

both  of  iu  conititnenta.     Thna  one  aaaaweo  of  Ae 

combttstible  ga^  with  1^  or  1*4  mcoenM^  do  not  act 

npon  each  other ;  hot  when  one  meooan  of  it  ia 

ed  with  l^  or  with  9i  flKasniea  of 

gaies  are  completely  deeompomd* 

the  prodncts  ate  water,  enlphnioaa  aci^  and  name )  in 


Pwy*^  aimrikitP>30eL 
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the  second,  water,  sulphuric  acid,  and  azote.     In  both   ^Chwp,  II. 

cases  the  azote  is  simply  separated;  so  that  the  conoibus- 

txon  is  the  same  as  that  of  sulphureted  hydrogen  inozj- 

gea  gas*    The  combination  of  the  sulphur  depends  upon 

the  proportion  of  oxygen  present.     When  the  quantity 

is  lofficient^  the  whole  is  converted  into  sulphuric  acid; 

.but  when  it  is  deficient,  sulphurous  acid  is  the  product. 

In  this  respect  the  combustion  of  sulphureted  hydrogen 

an  nitrous  oxide  resembles  that  of  carbureted  hydrogen 

in  ozymuriatic  acid  *• 

9*  Olefiant  gas  detonates  with  various  proportions  of  ^>ttroiitos- 
nitrous  oxide.     When  the  quantity  of  the  latter  gas  is  fiaot  gaiL 
sufficient,  the  constituents  of  the  inflammable  gas  are 
boA  saturated  with  oxygen  ;  the  products  being  water, 
carbonic  acid,  and  azote,  mixed  apparently  with  a  little 
•  oxjgtn  :  but  when  the  proportion  of  nitrous  oxide  is 
■small,  an  inflammable  gas  remains,  just  a^  when  it  is  de« 
tooited  with  oxygen.     In  all  cases  the  residual  gas  is 
ffluire  bulky  than  the  original  mixture*    Thus  one  mea- 
sure of  olefiant  gas  with  V2  of 'nitrous  oxide  leave  a  re- 
sidue  of  2*25  measures ;  of  which  0*7  measure  is  car- 
bonic acid,  the  rest  a  mixture  of  azote  and  an  inflam- 
mable'gas,  which  detonates  with  nitrous  oxide.    One 
measure  of  olefiant  gas  with  2y.  measures  of  nitrous  ox- 
ide leave  a  residue  of  four  measures,  of  which  1|.  are 
carbonic  acid,  the  rest  azote  with  a  little  oxygen.     In 
these  cases,  beiddes  water  and  carbonic  add,  it  is  not 
^unlikely  that  some  ammonia  may  be  formed  when  the 
-proportion  of  nitrons  oxide  is  small,  and  some  nitric 


•  Davy's,  Ft/carchi,  p.  30^. 
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.^°^^ll^'.   *^'  ^'^^^  ^'  ^'  lAf'g^-    On  no  other  hypotherit  en  ^ 
SfiiiU  residue  of  azote  be  tcconnted  for  *^ 

The  eiFect  of  nitrous  oxide  upon  carbureted  hydropi 
and  earbonic  oxide  has  not  jet  been  examined  ^idreare; 
but  analogy  would  lead  us  to  suppose  it  pfectj  mad 
the  same  as  that  of  oxygen,  only  that  a  hij^her  tettpos- 
tnre  is  requisite  to  begin  the  raotnal  action.  The  n- 
pour  of  ether  and  of  alcohol  may  be  explbded  in  it'^ 
cisely  as  in  oxygen,  and  doubtless  with  a  aimalar  le- 
suhf. 

Thus  the  phenomena  of  the  combustion  of  jgascsia 
nitrous  oxide  are  rery  analogous  to  tbeir  cbmbuitioait 
Oxygen.  The  azote  seems  to  be  nearly  pasarre^criD 
act  only  by  diminishing  the  activity  of  the  oxygen.  Tlxf 
changes  which  happen  in  the  residue  of  nitrona  eade 
when  it  is  nsed  in  excess,  are  rather  to  be  ascribed  is 
the  heat  evolved,  than  to  the  action  of  the  rest  of  ftp 
mixture.  The  following  Table  exhibits  the  Is&flf 
nitrous  oxide  requisite  to  produce  complete  combnstioa 
and  saturation  with  oxygen  in  100  measnres  ef  tte  va> 
rious  'gases  hitherto  trfed. 


MtmattB  tf 
too  M^aisra  Mitrow  OsidCi 

Bulk  of  n*.  Uydrogeu „ •.  9r5 

trout  oiidc  Olefiant  fas,.. 233*3 

which  tam-  ^ 

nteithtie  Phosphureted  hydrogen 250 

S**^  Solphureted  hydrogen 350 

Nkr'  d.  ^^'  Nitric  acid  sets  fire  to  all  these  combustible  gnes 
when  passed  along  with  them  through  a  red*hot  lobe. 
No  accurate  set  of  experiments  has  hitherto  been  mide 


«r: 


•  Vi^f§  ReitMubt»i  p-  313.  1 1^^ 


the  subijccl ;  but  it  i»  extremely  probable  that  the  _^^t-  ^^■ 
products  arc  analogous  lo  those  produced  hy  nitrous 
ojude,  and  that,  like  it,  the  whole  may  be  lefctrcd  to 
the  combustion  of  the  gnses  in  osygea.  Indeed,  as  ni- 
tric acid  ia  decomposed  by  a  red  heat,  and  oxygen 
evolved,  thi*  must  of  necessity  be  the  cise. 

II.  It  is  not  a  little  singular,  that  though  the  consti-  U'luvi'p' 
tocate  of  nitrous  gas  be  the  same  a^  those  of  nitrous 
oxide,  it  neither  detonates  with,  nor  decompotes,  any  of 
the  combustible  gases  who»e  action  upon  the  lupport- 
ers  we  have  been  just  considering  ;  at  least  Mr  Davy 
could  not  succeed  in  firing  mixturct  of  nitrons  gu  with 
bydrogen  and  pl)osp)iu(«tcd  hydrogen,  the  two  whicl) 
are  most  combustible  *.  This  can  only  be  accounted 
for  by  the  very  great  intimacy  of  the  combination  o) 
the  consiituejiis  of  this  gas.  However,  as  this  gat  has 
been  shown  to  be  a  supporter  of  combiistioti,  as  both 
durcoal  and  phosphorus  buro  iii  it  at  a  high  lempera. 
mie,  it  is  by  no  means  intprobabic  that  ii  would  set 
On  10  most  of  theu  if  mixed  ia  some  projigrtioa  or 
other. 

There  is  a  decomposition  of  nitrous  gas  by  nasceot  Nitiow  gw 
hydrogen  extremely  difficult  to  explain.  It  was  first  hydrogen, 
observed  by  Priestley  and  Austin,  and  afterwards  exa- 
mined by  Davy  f.  It  takes  place  when  moiH  iron  it 
placed  in  contact  with  nitrous  gas.  The  iron  is  oxla 
(lizcd  at  the  eapence  of  the  wa^er,  hydrogen  is  evolved, 
the  nitrous  gas  is  converted  into  nitrous  oxide,  and  some 
^^Uj^Qlliif  ji»  fortncd.     100  Measures  of  nJUoasgas,  by 

MeHTetfi,  f.  sot. 
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Boo^  l''-^  this  procesi,  are  redaced  to  about  414-  neaiares  of  m- 
troas  oxidcy  indicating  a  loss  of  SSyftr  cent. 

Now  100  inches  of  nitroui  gat  weigh...3S*02  gram 
41r  inches  of  nitrous  osidc 20*60 

There  is  therefore  a  lots  of, ••••13*32 

which  is  more  than  fd  of  the  whole. 


The  nitrous  gas  is  composed  of  14*37  gr«  and  10*55 
The  nitrous  oxide  of. 13*  TOO 


Hence  there  is  a  deficit  of. 1*379  •a^       ^^*0^ 

The  1*31  grains  azote,  to  be  converted  into  a'aaaioiiia,ii-' 
quire  *27  hjdrogen,  and  the  1 1*95  gruna  of  oxygen  xe- 
quire  1*31  of  hydrogen  to  convert  them  into  wmMr.  Ac- 
cording to  this  statement,  no  lets  than  10  graint  of  wa- 
ter mutt  have  been  decomposed,  and  nearly  40  indws 
of  hydrogen  evolved.  It  is  extremely  difficult  to  ac- 
count for  the  formation  of  ammonia  in  this  case,  nnlesi 
we  suppose  a  small  portion  of  nitric  acid  to  be  formed, 
and  afterwards  to  be  decomposed  by  the  iron. 

12.  In  the  remaining  examples  of  decomposition  ex- 
hibited in  the  table  no  combustion  takes  place;  the 
change  is  slowly  produced  by  the  continued  action  of 
electricity,  and  is  in  several  instances  not  a  little  com- 
plicated. 
-,  , One  of  the  most  remarkable  of  these  decompositions 

rlyUroscii  ^ 

and  cirbo.  is  what  happens  when  a  mixture  of  hjdrogen  and  car- 
bonic acid  are  subjected  to  electric  explosions,  or  pas* 
sod  through  a  red-hot  tube.  In  both  cases  water  is 
formed,  and  carbonic  oxide  evolved.  Indeed,  from  the 
observations  of  Saussure,  it  is  probable  that  thit  decom- 
position takes  place  spontaneously.     This  change  can 


IvscTibeil  only  to  the  superior  aflfinity  of  hj-drogcn  {of  Ciu^  IL 
oxygen.  It  is  curious  that  the  elasticity  of  the  liydror 
g«n  doei  not  prcvent.its  combination  nhb  oKygeii,  e^• 
pecialJy  as  that  oxygen  is  intimately  combined  witli 
another  priDciple'.  It  is  extremely  probable  that  ma- 
ny similar  decompositions  are  gotng  on  in  the  atmoii- 
phere. 

Wheo  electric  sparks  are  taken  in  carbureted  hydro-  VipMraoU 
gen  containing  ihe  vapour  of  water,  the  bulk  is  incrca.  hrdronn. 
sed,  and  carbonic  acid  formed.  Henry  has  shown  that 
in  (his  case  water  is  decomposed,  its  hydrogen  set  at 
liberty  ia  the  elastic  state,  while  iis  oxygen  combines 
Hichthe  portion  of  the  carbon  of  the  gas,  and  forms 
carboDtc  acid.  This  decomposition  seems  at  first  sight 
incompatible  with  the  well-known  greater  affinity  of 
oxygen  for  hydrogen  than  for  carbon.  It  appears  di- 
recdy  the  reverse  of  tho  last  example,  in  which  hydro. 
gen  decomposed  carbonic  acid  by  the  saiac  means.  Noc 
does  it  seem  possible  to  explain  it  without  having  re- 
\  course  10  the  doctrine  of  fierthoUet,  of  the  great  effect  of 
inais  in  chemical  action.  In  the  drst  case,  the  hydro- 
gen bears  a  considerable  proportion  to  |iie  cacbon  ;  but 
in  the  second,  the  proportion  of  caibun  is  wucli  greater 
lll>n  that  of  the  hydrogen. 

The  same  doctrine  is  equally  necessary  to  explain  the   vipcw  mJ 
decomposition  of  vapour  when  electric  sparks  are  pas~  innrimilt  •■ 
sed  through   muriatic  acid  gas,  likewise  ascertained  by 
tb«  same  chemist.     Hydrogen  gas  is  evolved  as  in  lh« 

^~~ 
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Bo^JH-^  gen.  The  ailinity  of  mnriidc  acid  for  oxygen  is  itiU 
weaker  than  that  of  carbon^  jet  we  aae  thst,  mafiitcd  bj 
a  great  matSy  it  is  capable,  in  oenain  ciicaaisCMicte^  sf 
decompo9iog  it. 


SECT.  ly. 

OF  XliE  CQMBIHATION  .0  J  GASBa  WX;^U  I.IQJ7ifiS. 

As  liquids  and  gasei  are  in  a  difertiit  ailite^  Mi  u  the 

particles  of  the  latter  must  be  brought  into  a  vmt  esn- 
densed  state  by  their  onion  with  liqnida  in  anj  notable 
j^roportidh,  the  elastidtj  of  the  gas^s  fcnpiat  oppose -a  le- 
siitancjB  to  this  kind  of  comtiination,  andfregnlate  the 
proportion  of  elastic  fluid  which  any  liquid  it  capable  of 
Misorbing.  .^elow  this  proportion,  h  is  obvioos  that  s 
liquid  will  unite  with  any  quantity ,  indefinitdy,  of  a  gas 
for  which  it  b^s  an  afinity .  Thus  the  only  fixed  point 
in  these  combinations  is  When  the  elasticity  of  the  gas 
is  just  bslancedaby  the  affinity.  The  liqoid  is  then  aid 
lo  be  saturated  mXh  the  elastic  fluid,  because  it  will  not 
absorb  any  more  of  it. 
iUiise  of  '  Though  the  number  of  liquid  bodies  is  pretty  coasi- 
^^^  ^  derabtfy  the  action  of  one  only,  namely  Vfater^  upon 
the  gasesi  has  hitherto  occupied  almost  exchisrrely  tbs 
attention  of  chemists.  To  it,  therefore,  we  mint  con- 
fine  ourselves  in  the  present  Section.  A  few  observa- 
tions only  can  be  offered  on  the  other  liquids. 

That  water  has  the  property  of  absorbing  a  certain 
portion  of  air,  which  may  be  again  separated  by  boilingf 
has  been  known  ever  since  the  discovery  of  the  air 


^p  :  That  if  previoUilf  freed  from  ur,  it  mill  like 
e  part  »t' every  gBirous  fluid  whatever,  was  ear-  ~ 
Ij  perceived  bj  Dr  Priestley,  who  directed  a  good  deal 
of  his  aiiention  lo  the  effect  which  water  prodaced  upon 
tiilterent  kinds  of  air.  Mr  Cavendish  ascenatncd  tht 
pfoportion  of  rarbcmic  acid  gas  absorbed  by  air  in  dif- 
ferent circumstances.  Priestley  made  similar  expert- 
inents  opon  a  variety  of  other  gases.  The  subject 
was  prosecuted  by  pelamctherie,  Sencbicr,  and  other 
foretpi  chemists ;  but  it  i«  to  ihe  recent  experitnetits  of 
£r  William  Henry  and  of  Mr  Dallon,  thai  we  are  to. 
dcbled  for  almost  all  the  precise  notions  which  w«pot> 
seas  respecting  this  curious  subject. 

The  gases,  if  considered  with  reference  to  their  ab- 
sorption by  water,  may  be  divid«d  inia  two  classe*} 
those  that  are  absorbed  in  a  small  proporiion,  and  those 
that  are  absorbed  ia  a  gtcat.  Almost  all  the  gtscs  be. 
long  to  the  first  class  ;  amniDnia,  muriatic  acid  gaa,  and 
■  few  other  acid  gases,  aic  the  only  ones  knows  at  pre- 
sent which  belong  to  the  second.  We  shall  consider, 
in  tbe  £rsi  place,  the  union  of  the  first  class  o(  gases, 
and  afterwards  those  of  the  lecond  ci^s. 

I.  The  following  TaUe  edbibics  a  list  of  all  tbe  gases 
which  are  but  little  absoibable  faj  watcTr  placing  them 
in  the  order  of  their  absorption,  and  bcgintiitig  with  the 
least  absorbable : 


Azotic  gas 
Hydrogen  gas 
Arsenical  hydrogen 
Carbonic  oxide 
Carbureted  hydrogen 
"  Tbospbi^ctcd  hydrogen 


Oxygen  gas 
Nitrous  gas 
defiant  gas 
Nitrous  oydc 
Siklphureted  hydrogeo 
Csnbonif  acid 
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Bookflf.  1.  When  wtter,  impregoited  with  nj  of  these  gatesi 
jhe  gMte-  it  placed  nnder  the  exhintted  receiver  of  an  sir  fmmf, 
ttown^  ^  the  gas  separates  from  the  water  and  asmmeaittehstic 
form.  Hence  it  follows,  that  the  fbroe  bj  which  these 
gases  are  retained  by  water  is  inferior  lo  that  of  thsk 
elastidtj.  Thej  continue  in  the  water  only  as  long  si 
the  J  are  subjected  to  an  external  pressiune,  equal  to  An 
which  they  sustained  when  the  water  was  inprrgnalBi 
with  them,  If  this  pressure  be  increased,  the  prapv- 
tton  of  them  which  water  is  capable  of  taking  np  in- 
creases ;  if  the  pressure  be  diminished^  the  proportisi 
taken  up  by  water  diminishes  in  like  manner-  Henoe^ 
in  making  experiments,  similar  results  can  be  obtsinei 
only  when  the  pressure  is  the  same,  or  when  the  baro- 
meter ataods  at  the  same  height. 
i!i  quio-  The  quantity  of  gas  taken  up  by  water  is  likewise 

t«ir^'  affected  by  the  temperature,  because  the  temperataie 
cempen-  increaset  the  elasticity.  The  quantity  of  gaa  shaorbcd 
diminishes  as  the  temperature  increases,  andiociessesu 
the  temperature  diminishes.  Similar  results,  thereiiore» 
can  be  obtained  only  when  the  thermometer  stands  at 
Ihe  same  point. 
And  purity       Common  water  always  contains  g  certain  qnaatity  of 


ture 


ter.  *"^  sir,  which  varies  in  its  nature  and  proportion  sooordiag 
to  circumstances.  This  air  affects  the  power  of  water 
to  absorb  gases.  Similar  results  can  only  be  obtained 
when  it  is  removed.  This  is  done  by  subjecting  the 
water  to  long  boiling,  or  by  placing  it  under  tiu$  e&* 
hausted  receiver  of  an  air  pump. 

2.  When  the  pressure,  temperature,  and  p^rlty  of  the 
water  are  the  same,  then  water  absorbs  a  determinate 
quantity  of  every  individual  gas.  This  has  been  de- 
cisively demonstrated  by  the  experiments  of  different 


r 
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cbcraUts,  especially  by  ihose  of  Dr  WiUiam  Henry  Chip  IL 
aod  Mr  Dalcon.  Xl  is  by  no  means  an  easy  mailer  lo  Eiperi- 
dctCTmine  wiih  accuracy  ihe  absolute  i^uinlily  ot  bMi.  Hra'Amd 
of  gas  which  water  will  take  up,  because  \hni  is  %(•  l>alion. 
fencd  by  a  Viiriety  of  circuinMances  ihat  cannot  alwayt 
be  apprecisied.  The  cxperimcnU  of  the  two  chemisU 
juU  mentioned  arc  mo^t  to  be  depended  on.  Those  o£ 
Dr  Henry  were  made  with  much  precision,  and  wiUt 
an  apparatus  well  calculated  to  ensure  accuracy  ;  while 
that  of  Dalton  is  distinguished  by  thai  simplicity  wbtch 
cbsracteii fes  all  his  experiments.  Dr  Henry  employ* 
ed  a  glass  syphon,  one  of  the  legs  of  which  was  long 
and  narrow,  the  other  was  a  cylindrical  glass  much 
wider,  and  terminating  both  above  and  below  in  a  stop- 
eock.  This  vessel  was  accurately  graduated,  as  well 
as  the  narrow  leg  of  the  s>phon;  The  horizontal  por- 
tion of  this  syphon  consisted  partly  of  a  tube  of  caout- 
chouc, which  made  it  flexible,  and  enabled  the  opera- 
tor to  agitate  the  glass  cylinder,  or  wide  leg  of  the  sy- 
pbon,  without  risking  ihe  fracture  of  the  whole.  The 
cylindrical  vessel  was  first  filled  with  mercury.  The 
requisite  portion  of  water  was  introduced  by  the  upper 
stop-cock,  while  the  same  bulk  of  mercury  escaped  by 
the  lowermost  stop-cock.  The  requisite  portion  of  g^s 
was  Introduced  over  the  water  in  Che  same  way.  Thus 
the  surface  of  the  mercury  was  made  horizontal  in  both 
legs  of  the  syphon.  The  uide  leg  was  agitated-  The 
subsidence  of  the  mercury  in  the  narrow  leg  marked 
the  absorption,  aod  the  quantity  of  mercury,  added  to 
restore  the  horizontal  level,  gave  correctly  the  bulk  of 
the  gas  which  was  taken  up  by  the  water ".     Mr  DtU- 


K  etH.  Trmi.  iSoji  and  NtcMMsn'i  /mr. 
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Boftk  iir.  ton  employed  a  phial  provided  with  «  vtxj  acconie 
ground-stopper  for  the  less  absorbable  gascSy  and  Ih 
the  more  absorbable,  a  glass  tube  accormtely  graduated 
It  was  filled  with  the  gas,  a  small  portioa  wmi  expelled 
under  water,  and  a  little  water  admitted  ;  it  was  tki 
agitated,  the  mouth  being  shut  with  the  finger.  The 
finger  being  removed  occasionallj  under  water^  tk 
quantity  of  that  liquid  which  entered  marked  the  pr^ 
portion  of  gas  absorbed  *• 

The  following  Table  exhibits  the  bulk  of  each  gss 
absorbed  by  )Q0  cubic  inches  of  water  at  the  tonpen* 
tare  of  60*»  according  to  the  experimenta  of  these  phi- 
losophers : 


TaUe  of 

thetelkof 

Samsb- 

ftorbedby 

vrater. 


pASSS. 


Carbonic  acid 

Sulphttrete4  hydrqgeo.i 
Nitrous  oxide 


Olefiant  gas 


^>mm 


■••■V 


Nitrous  gas, 

Oxygen  gas.  •  •• 

Phosphureted  hydrogen 
Carbureted  hydrogen  • .. 


Abier^ien  Mconl- 

IIWC0 


Hkn&t. 


Daltow 


108 
iOd 


TT^ 


5- 
3-7 
2-14 
1*4 


AziOtic  gas...  ••••••»• 

Hydrogen •  •  • 

Carbonic  oxide 


^t^F 


1*53 

roi 

2*01 


HOC 
100 
iOO 


12*5 


3-7 
3*7 

3-7 


rso 

1*50 


exccpcionble  ptrt  of  thit  apparatfu  vu  (he  ctoutchoiic  joint.    Ic  vaoid 
yield  •omewhat  iccordii^  lothc  weight  «f  nercutjTv  and  thuiprewK 
the  abtorptioi)  from  being  accurately  mcaiured  by  the  height  of  the  aa- 
rury  in  the  narrow  leg  of  the  typhcin. 
e  3rr  MjncUtter  Ikint,  Vol  I.  aeciiDtl  Kriei;  and  Mtf.  3£^.  niv.  15 
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k  diSirence  between  these  two  columns  is  not  great-     Cl*^  H. 

et'Atm  might  be  cspected  in  expcrimenii  of  such  deli-  ' 

cacy.  Indeed,  in  several  iaUftnc=s,  this  difference  may 
be'explained  in  a  satisfactory  manner.  But  tt  is  neces- 
sftry  to  tnention,  in  the  &rM  place,  that  Mr  Dalton's 
Kombers  are  not  the  direct  fejults  of  his  MperimeDts, 
bill  these  results  corrected  by  the  application  of  a  theory 
which  he  invented  ;  whereai  Dr  Henry's,  except  in  a 
fitw  esses,  are  without  any  such  correciion. 

Mr  Cavendish  found,  that  at  53"  Fahrenheit  100 
itKhes  of  water  absorbed  in  some  cases  1 IG  iachet  of 
carbonic  acid,  or  nearly  if  times  iis  bulk.  Dr  Ueorj 
likewise  found  the  qusnliiy  exceed  the  bulk  of  the  wa- 
ter. Now  it  isdifficult  to  see,  from  his  expetimenta  «n 
the  absorption  of  this  gas,  how  the  error,  at  least  of  C«- 
TtitdiSb,  should  be  on  tite  side  of  excess.  We  may  prc- 
sinhe,therefore,  that  Mr  Dalton's  number ts  rathcrsmall. 
Tlie  same  reasoning  applies  to  snlphureted  hydrogen. 

Mr  Daltoa  informs  us,  that  he  has  succeeded  in  ma- 
king water  absorb  v«ry  nearly  its  own  bulk  of  nitrous 
oxide*.  -In  Dr  Henry's  first  eiperiments,  he  found  the 
absorption  of  this  gas  only  50  +  ;  while  Mr  Dayy  tts- 
led  it  at  54  t-  It  has  been  since  ascertained,  that  this 
deficiency  was  owing  to  the  impurity  of  the  gases  ex- 
amined. Wc  may  consider  Mr  Dalton's  number  as 
pretty  nearly  correct. 

Thct^uanlity  of  uitrousgasabsorbed  by  water  isusu- 
^lygreater  than  it  ought  to  be,  because  water  contains 
'eoxygengas  jibisgasoombtncsniih  and  converts  a 
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Book  m.  portion  of  the  nitrous  gas  inM  nirrons  acid.  For  this 
reason  we  maj  consider  Mr  Dalton*s  ststemeot  respect* 
ing  this  gas  as  nearly  correct. 

The  carbureted  hydrogen  gas  examined  by  Daltoo 
was  from  marshes,  and  of  course  pure.  Dr  Hcncy  doei 
not  mention  the  source  from  which  he  procared  hia*  If 
it  was  from  moist  charcoal,  as  is  not  nnlikely,  the  greit- 
est  part  of  it  must  have  been  carbdbic  ozide^  which 
would  account  for  the  difference  between  his  statement 
of  the  absorbability  of  carbureted  hydrogen  and  that  of 
Dalton.  Upon  the  whole,  Dalton's  numbers  do  not 
deviate  far  from  the  truth. 
ThtKguet  '*  But  if  we  consider  Dal  ton's  statement  as  correct, 
^^feitf  ^  ^^  ^^  follows  that  all  these  gases  may  be  arranged  un- 
der four  sets*  Water  absorbs  its  own  bulk  of  the  first 
set,  j.th  of  its  bulk  of  the  second  set,  ^h  of  iu  bulk  of 
the  third  set,  and  ^th  of  its  bulk  of  the  fourth  set.    But 

these  fractions  are  the  cubes  of  tlie  reciprocals  of  the  na- 

t  t  t  » 
turalnumbers  ;thus  JT,  2>,  31,  4>.  Now  this  very  un- 
expected consequence  follows  from  this,  that  the  distance 
between  the  particles  of  each  gas,  when  contained  in  the 
water,  is  always  either  the  same  as  before  its  absorp- 
tion, or  some  multiple  of  it.  In  the  first  series  of  gases 
it  is  the  same.  The  density  of  carbonic  acid,  sulpho- 
reted  hydrogen,  and  nitrous  oxide,  and  the  distance  be- 
tween their  particles,  is  the  same  in  water  as  when  thej 
constitute  an  elastic  atmosphere.  The  density  of  defi- 
ant gas  is  |th,  and  the  distance  between  its  particles 
twice  as  great  as  when  constituting  an  elastic  atmos- 
phere. The  density  of  oxygen,  and  the  other  gases 
which  constitute  the  third  series,  is  TT^h,  and  the  dis- 
tance between  their  particles  three  times  as  great  when 
in  water  as  when  constituting  an  elastic  atmosphere. 
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feminity  of  azote  and  the   Fourth  scries  of  g»e;  ii     Oaf-  II 
^^ih,  and  the  distance  betn-een  their  particles  foor  limes 
a«  grcK  ai  when  clastic. 

4.  From  the  experimcDls  of  Dr  WiliiamUenry  upon  EfTcit  of 
gases  subjected  to  diifcrcnt  degrees  ot  pressure,  from  that  *""* 
of  one  lo  that  of  two  or  three  atmospheres,  and  thus  re- 
duced to  double  or  triple  their  usual  density,  that  phi- 
losopher has  deduced  the  following  very  important  ge- 
neral law  :  Water,  of  tlie  same  temperature,  always 
laket  Up  (he  tame  buii  of  each  gas.  whatever  be  its  den- 
'sitjp.  Thus,  if  we  suppose  that  water  at  CO^  absorbs 
just  Its  bulk  of  carbonif  avid  gas  in  its  ordinary  state  of 
density,  it  will  still  continue  to  absorb  its  own  buU:, 
though  that  gas  be  condensed  into  half  in  usual  space, 
or  4d  lis  usual  space,  and  so  on.  Hence  it  follows,  that 
by  increasing  the  pressure  sufficienliy,  we  may  cause 
water  to  absorb  any  quantity  of  gas  we  please.  To 
cause  waier  to  absorb  whai  is  equivalent  to  twice  its 
^Ik  of  carbonic  acid,  we  must  make  it  absorb  the  ga& 
under  an  additional  pressure  of  30  inches  of  mercnry  ; 
to  make  it  absorb  what  is  equal  to  thrice  its  bulk,  we 
^ust  subject  il  lo  a  pressure  of  30  inches  ;  and  so  on. 
To  cause  water  to  absorb  what  is  equal  lo -^  of  its 
bulk  of  oxygen  gas,  there  would  be  required  a  pressure 
of  about  lu  atmospheres,  or  a  column  of  mercury  210 
inches,  or  22^  feet  long. 

On  the  other  hand,  if  we  diminish  the  usual  atmo- 
spheric pressure,  and  thus  expand  gases  to  twice,  thrice, 
&CC.  their  usual  bulk,  water  at  the  same  temperature 
will  still  absorb  exactly  the  same  number  of  cubic  in- 
ches, and  of  course  only  one-haif  or  one-third  the  weight 
of  gn  which  is  taken  up  under  the  usual  pressure  of 
tinnotphere.      Hence  we   see  (he  efTect  of  placing 
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tbotiiiiie  ifli  tbe  water;  but  ite  dcBMly  will  *r  tfOMMJii 

M  Movidiiig  Id  the  fTlinmiaa,'-    tf  |li»  «dwMiia  JU 

flbfiid'td  ifoo  iuBef»  the  qjUtaiti^  iMuloiif jiMMheMf 

taTOTllsbe  oqIt  ^th  of  the  •oMgmd  ^riMliqr. . 

Atafied         9;  i£ihe  ^andty  e^cu^UilM  l^MlM  4^pil< 

S?££  eatiieiy  upon  tfa  preM«; Jf ifeif  ftieeN  JwiiijinMiipW 

^-  piecieU7.«i.the'  jfiiMm.iai^wt  oiwwiWiltifciliiyil; 

UwftJhoHh^^foifa  itiB  wHtioithett  rfi^tt^JT'^tfiMr  Ihf 
hove  iiien  ehier  bed  by  die>wiir;  Tke^conphiMBSMi^ 
Hm  ■faeipiienofgewbJyweier^eotfloit.loihifcffWwX 
iepot  ■^irit:^bt  inroelj  ^tenfperihk  lAilh  idfMiid 
eflot^  ;>  ftr  the  #•<»  tikes  np^onjr  ^fMtit^jaS^^^ijb^ 
ever^peovidcd  the  kflk  be  the  mdi^i  ^JhftfffOfhttitilrf 
th»  ingrodeeoti  iir  that  cui  k'eotMj  ffqnieMihy.  Ae 
Ubi  «hcecoit  ib  dh^mical  malftTliihf  ttiii-^fifleirf 
hjr  the  weight; 

Heee^  dM»,-<we  hiiee  slieokiof  oeeibiarffieh  irctifig* 

if  different  from  every  others  the  bw  of  which  is,  that 

there  «unt  alwejt  czitt  o  constant  ratio  tcuennnthe 

densigr  *f  <he  {wrtions  of  fas  withitt  and  vsibont  the 

OMetnp-    ^>^^*    Afr  Daltottconeeieesdintthoabaoiptiottoflii*' 

g"jjj^g"y    gaaeait merefy OMcbanicalfthetihey ^onolcienlly Mk 


ciUt  miied  Amt  widt  the. water,.bnt  acte.fiomd ioto  im poeea s'lbat 
with  water.  ^|^^  ^^  contained  in  the  T^ater  does-iuot  pceaa  UjpqnidiBt 
Kqntd,  bnt  jaerdjr  on  the  containing  .veaael ;  Aodithatit 
is  ppeoisely  in  die  same  atate  with  xegnrd  to4he  iviMr 
as  if  it  were  diffuMd  in  a  ^hktmun:  But  .thAre.iwo  tup 
tircumstanoes  whxdi  appear  t6  me  to  he  jneoinpitlble 
with  this  notion.'  The  first  is,  that  hetlia  evobni 
when  carbonic  acid  gas  and  snlphnaeted  hydnegfn  pae 
absorbed  bj  water.     Dr  Henry  observed  that  m  ihaiw 
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xnometer  plunged  in  the  liquid  rose  from  i  to  ^ths  of  a  S^^'^^\, 
degree  *•  The  second  is,  that  the  bulk  of  the  water  is 
increased  by  the  impregnation  ;  for  the  specific  gravi- 
ty of  water  impregnated  with  carbonic  acid  gas  is  less. 
than  it  ought  to  be.  Thus  Bergman  found  the  specific 
gravity  of  water,  saturated  with  carbonic  acid  at  the 
temperature  of  36^,  to  be  1*0015  f,  compared  with  that 
of  water  of  the  same  temperature  ;  whereas  it  ought  to 
have  been  1*00199  even  on  the  supposition  that  it  had 
taken  up  only  its  own  bulk  of  acid  gas,  while  Bergman 
expressly  assures  us,  that  the  water  took  up  more  than 
iu  bulk.  Thus  it  appears  that  water  suffers  an  ex- 
pansion by  absorbing  carbonic  acid  gas  ;  which  would 
be  impossible  unless  the  gas  acted  upon  it.  For  surely 
it  will  not  be  contended,  that  any  supposed  elasticity  in 
the  water  itself  is  equivalent  to  so  great  a  change  of 
bulk  as  that  above  mentioned.  There  must  then  be  an 
action  between  the  atoms  of  the  gas  absorbed  and  the 
water.  Farther,  the  evolution  of  heat,  notwithstanding 
this  expansion,  is  altogether  inconsistent  with  what  hap- 
pens in  every  case,  unless  we  suppose  that  a  species  o£ 
combination  takes  place  between  the  particles  of  gas 
and  the  water,  and  that  the  evolution  is  the  consequence 
of  this  combination. 

If  the  mixture  of  gas  and  water  were  merely  mecha-  Reatont  fov 
nical,  no  good  reason  could  be  assigned  why  the  very  th^*^°Jol- 
same  bulk  of  each  should  not  be  forced  by  the  same   ^^  ^^  *'* 
pressure  into  the  pores  of  water.      It  is  this  circum- 
stance, apparently  so  puzzling,  that  serves  as  a  key  to 
the  whole,  and  enables  us  to  reduce  the  absorption  of 
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'BaokllK  "the  gas€s  by  water  to  the  simple  principles  of  cheimcal 
^•fEnitj.  I;  is,  in  reality,  only  a  peculiar  case  of  chemicil 
dissolution,  as  BcrtboUet  has  termed  it.  Gaseous  bodies 
^ssolve  each  other  in  all  proportions,  becanse  they  tre 
both  in  the  same  state,  and  not  restrained  by  the  cohesion 
of  their  particles;  but  when  a  liqaid  disscdves  a  gas,tbe 
proportion  is  limited  by  the  difference  of  the  state.  The 
elasticity  of  the  gas,  as  Berthollet  has  shown,  opposes 
its  union  with  bodies  that  are  none  elastic,  and  limits 
the  quantity  of  gas  which  can  combine ;  for  when  the 
attraetfon  between  the  liquid  and  gas  is  just  balanced 
by  that  elasticity,  no  more  gas  can  be  absorbed.  Were 
it  not  for  thrs  elasticity,  the  proportion  of  gas  tfait 
might  be  dissolved  by  a  liquid  would  be  indefinite. 

Let  us  suppose  the  pressure  of  the  atmosphere  to  be 
completely  annihilated.     In  that  case  the  gaseous  bo- 
dies would  expand  indefinitely  till  their  atoms  exercised 
no  sensible  repulsion.     Let  us  now  suppose  a  quantity 
of  such  a  gas  to  be  exposed  to  the  action  of  water.    The 
liquid  would  absorb  it,  and  the  particles  of  gas  thas 
taken  up  would  arrange  themselves  in  regular  order  at 
determinate  distances  from  each  other.    These  distances 
would  regulate  the  quantity  of  each  gas  taken  up,  while 
the  distances  themselves  would  be  regulated  by  the  affi- 
nity between  the  gas  and  the  water.   The  greater  the  affi- 
nity, the  nearer   might  the  atoms  of  gas  approach  e«)ch 
other  bcfv  I  ..*  their  clasricitv  balanced  the  afTiiitv  between 
them  and  the  water.     In  such  a  supposed  case  we  ha?e 
no  means  of  determining  what  the  bulk  of  each  gas  ab- 
sorbed would  be  ;  though  we  are   certain  that  li  W(  uld 
bear  Lome  proportion  to  the  affinity  between  it  and  wa- 
ter.      Tlic   quLintity   absorb^rd,  cstiuiated   by    weight, 
would  be  altogether  inappreciable. 
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"Now  let  as  suppoie  that  the  gases  an  subjected  to  4  .^^'y*.^^ 
•enun  preuure,  si  that  of  30  inches  of  mercury,  equi- 
vtleni  to  an  atmosphere.  In  that  case  they  undergo  a 
great  augmentation  of  deasily,  and  a  proportional  au^ 
mentation  of  elaslicitj  ;  but  this  increase  of  elasticity 
being  just  balanced  by  the  pressiire,  i|  is  ibe  same 
thing  with  respect  to  their  absorption  by  water  ai  If 
there  was  no  augmentation  ;  or,  in  other  words,  the  gat, 
notwithstanding  its  increase  of  density,  presents  no  great* 
er  obstacle  to  its  absorption  by  water  than  before  ;  for 
whatever  the  density  of  gases  may  be,  in  as  far  as  that 
density  is  produced  by  pressure,  it  is  balanced  by  th« 
pressure.  Hence  wliatever  the  density  of  a  gas  may  be 
from  pressure,  water  ought  to  absorb  always  the  same 
btilkoftt;  and  the  knowledge  that  this  is  in  reality 
(he  case,  we  owe  to  the  experiments  of  Dr  William 
Henry.  This  law,  so  far  from  being  a  demonstration 
that  the  absorption  of  gases  by  water  is  merely  a  me- 
chanical effect  of  the  pressure,  ought  to  bold  even  on 
the  supposition  that  the  combinatioo  is  chemical  j  while 
the  determinate  proportions  of  each  gas  absorbed  is  a  de- 
monsttaiion  that  the  combination  is  chemical,  and  that 
it  is  regulated  by  the  proporitan  which  exists  between 
the  repuliioa  of  the  particles  of  gas  and  the  attraetio» 
of  water  for  these  particles.  The  watw  will  absorb 
such  a  portion  of  each,  that  the  repulsion  between  the 
panicles  absorbed  just  balances  the  affinity  of  water  Cor 
ihem.  If  the  affinity  be  double,  the  repulsio«  may  be 
double  ;  if  the  atlinity  be  one>half,  ibe  repulsion  matt 
be  one  half;  and  so  on. 

From  iheexperinients  of  Henry  and  JDalton  we  leaiDf 
thai  the  affinity  between  water  and  carbonic  acid  il 
such  as  neaily  to  balance  the  elasticity.  Hence  that 
Kk  2 
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,^^^^*'*  ^s  combines  with  water  wiih  but  little  or  no  change  ia 
its  density ;  but  the  afilnity  between  water  and  olefiant 
gas  being  only  half  as  great  as  the  elasticity,  the  dis- 
tance between  its  particles  when  it  combines  with  wa. 
ter  must  be  double,  and  of  course  water  will  onlj 
combine  with  |tli  of  the  bulk  of  this  gas  that  it  does 
of  carbonic  acid,  supposing  both  gases  before  absorption 
to  be  under  the  same  pressure.  For  that  portion  of  ole- 
fiant gas  when  it  combines  with  water,  roust  expand 
when  in  the  water  so  as  to  occupy  eight  times  its  for- 
mer bulk.  In  like  manner,  the  affinity  of  oxygen  gai 
being  only  yd  that  of  the  elasticity,  water  will  take  up 
27  times  as  much  in  bulk  of  carbonic  acid  as  it  will  of 
oxygen  ;  because,  when  the  atoms  of  oxygen  combine 
with  the  water,  they  must  separate  to  triple  their  for- 
mer  distance,  that  the  affinity  and  elasticity  may  balance 
each  other.  The  affinity  of  azote  for  water  being  only 
;^th  of  its  elasticity,  water  will  absorb  64  times  as  much 
of  carbonic  acid  as  of  it ;  because,  when  the  atoms  of 
azote  combine  witii  the  liquid,  they  must  separate  to 
four  times  their  former  distance  before  the  affinity  is 
capable  of  balancing  tl)c  elasticity. 

Thus  there  is  notJiing  in  the  absorption  of  gases  by 
water  that  does  not  agree  well  with  the  notion  of  tlicir 
combining  with  that  liquid  in  consequence  of  an  affiiiitj 
for  it.  We  learn  from  the  experiments  of  Dal  ton,  that 
the  cr.hf  root  of  the  hulk  absorbed  is  proportiniirfl  to 
that '.liiiiiity.  Hence  the  affinities  of  the  tour  sets  of 
gases  lor  water  arc  in  the  following  proportions  : 

Affiniry. 
1 .   Carbonic  acid,  sulphurcted  hydrogen,  nitrous 

oxide =  4 

.?.  Olefiant  gas =3 
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3.  Oxjgen,  nitrous  gts,  carbureted  hydrogen^ 

phosphureted  hjdrogen..., =  3 

4«  Azote,  hydrogen,  carbonic  oxide««, ••••  =r  i 

In  considering  the  absorption  of  gases  by  water,  Bte 
external  pressure  ought  to  be  kept  out  of  view,  as  it 
does  not  at  all  affect  the  bulk  of  the  elastic  fluid  ab- 
sorbed. We  ought  to  consider  the  gases  in  such  a 
state  of  expansion  that  their  atoms  exercise  no  sensible 
repulsion  on  each  other,  but  cannot  approach  any  near- 
er without  occasioning  sensible  repulsion.  Let  us  sup- 
pose, that  in  that  state  the  affinity  between  water  and 
azote,  and  the  other  gases  in  the  fourth  class,  is  so 
weak  that  it  is  balanced  by  the  smallest  elasticity.  In 
that  case  water  would  absorb  exactly  its  bulk  of  these 
g[aies.  The  affinity  between  water  and  oxygen,  and 
the  other  gases  constituting  the  third  series,  being 
double,  water  will  absorb  eight  times  its  bulk  of  them, 
because  the  atoms  must  approach  to  half  their  former 
distance  before  the  elasticity  balances  the  affinity.  For 
the  same  reason,  water  will  absorb  27  times  its  bulk 
of  olefiant  gas,  and  64  times  its  bulk  of  carbonic  acid 
and  all  the  gases  constituting  the  first  series. 

6*  From  the  experiments   of  Dr   William  Henry,  Proportion 
amply  confirmed  by  those  of  Mr  Dalton,  we  learn,  tot^dcl 
that  the  proportion  of  any  gas  absorbed  by  water  depends  Jf"^  ^^ 
greatly  upon  the  nature  of  the  gaseous  residue.     Thus, 
if  we  take  100  cubic  inches  of  water,  and  agitate  them 
in  200  cubic  inches  of  carbonic  acid  at  the  common 
temperature,  at  least  ]  00  inches  of  the  gas  will  be  ab- 
sorbed.    In  this  case  the  residue  is  pure  carbonic  acid ; 
but  if  we  mix  together  200  inches  of  carbonic  acid,  and 
100  inches  of  common  air,  and  agitate  100  inches  of 
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PiofclKt  Jfpa  in  theni^  in  that  case  the  reiidiie  wiU  sot  be  pvf 
carbonic  acid/  bat  a  mixtim  of  carbenic  oeyd  ond  air. 
The  qoantttj  of  aci4  gu  ^^  vp  freoi  adch  o  auztote 
«U1  not  be  100  inehea  aa  befbce^  bot  Mfj  e^iadm\ 
■nei  iriien  the  reudoe  wat  pme  ceAffoio  acid,  aEflmcb 
greats '  proportion  of  gai  was  absorbed  than'whsait 
was  a  mpxm  of  carbonse  add  and  aiyr.  This  hofchge 
nendlj  when  die  residne  contains  a  fbreigo  goai  lbs 
qnanfitj  absorbed  is  less  than  moal^  and  it  dtminisbss 
in  propoftion  to  the  quantitj  of  foreign  gaa  present. 

£!?frSr  '^  ^  9?^M7  ^  ^ter  fiillj  unpregnaied  with  aaj 
wMcrwhca  gas  be  put  into  a  Tcssel  coptaining  anj  odwr  ga%  a 
muSl  portion  of  the  gas  makes  its  ^cape  out  of  the  watsr^ 
^^^'^  and  mixes  with  the  soperinpambent  elaaiic  flnid.  The 
<goantitj  which  thns  escapes  is  proportiopal  to  die  bn& 
of  tbe^sopeHocnmbent  gas  compared  with  the  bulk  sf 
the  water.  Hence  if  watsr^  impregnated  with  cnrbsaic 
add^  be  exposed  <o  the  open  air^  almost  the  wMk  ef 
the  add  makes  its  escape^  and  the  water  bedomes*  insi* 
pid.  If  a  little  water  impregnated  with  Anlphuretcd  hj- 
irogen,  or  nitrous  ozide^  be  let  into  a  large  jar  fiiU  of 
ozjgen  or  anj  other  gas^  the  salphurcied  hjdrogcoi 
or  nitrous  oxid^  makes  its  escape  in  a  great  measue, 
and  mingles  with  the  ozjgen.  To  preserve  the  impreg- 
nation entire^  the  water  most  dther  be  kept  in  dose 
resselsy  or  pressed  opon  by  an  atmosphere  of  the  veij 
same  gas  which  it  contains* 

This  curious  law  was  first  discovered  by  Dr  Wil- 
liam Henry,  who  announced  it  as  a  demonstration  of 
the  truth  of  Mr  Dalton's  peculiar  theory  of  the  noo* 
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elasticity  of  gase»  to  each  other  *.     For  if  gas  can  be    ,Chap.ir, 
retained  in  water  by  the  pressure  of  an  atmosphere  of 
its  own  gasy  and  not  by  that  of  any  other,  it  was  infer- 
red that  gases  do  not  mutually  press  upon  each  other. 

It  must  be  obvious,  that  the  effect  of  a  residue  of  a 
foreign  gas  upon  the  quantity  absorbed,  and  a  foreign 
atmosphere  in  separating  the  gas  from  water,  both  de- 
pend upon  the  very  same  cause.  They  admit  of  a  ve- 
ry satisfactory  explanation  upon  Mr  Daltor.'s  hypothe- 
sis ;  but  they  may  be  explained  equally  well  without 
having  recourse  to  it.     They  afford,  therefore,  no  rea-  * 

son  for  adopting  that  hypothesis,  unless  its  truth  can  be 
otherwise  established  by  satisfactory  ezperimenta- 

All  gases  we  have  seen  have  a  species  of  affinity  for  Uetma  of  ^ 
each  other,  and  are  capable  of  dissolving  each  other. 
This  dissolving  power  is  unlimited,  because  the  gases 
are  all  in  the  same  state.     Liquids  also  are  capable  of 
ilissolving  gases  ^  but  their  solvent  power  is  limited  by 
the  elasticity  of  the  elastic  fluids  dissolycd.    As  gases 
act  without  festnnn^  and  as  the  action  of  liquids  is  re- 
strained by  the  opposing  force  of  elasticity,  the  action 
of  the  gases  will  be  more  powerful  than  that  of  liquids, 
unless  the  force  of  affinity  in  the  latter  be  so  consider- 
able as  to  produce  a  combination  too  intimate  to  be 
merely  entitled  to  the  name  of  dissplutiom  ,-  but  no  sncli 
degree  of  ajBbiity  exists  between  the  water  and  the  gases 
which  we  are  considering.    Hence  every  gas  will  ex- 
ert a  certain  dissolving  power  upon  ^very  other  gas ; 
this  power  will  oppose  the  absorption  of  the  gas  by  wa- 
ter, and  of  course  diminish  that  absorption  \  but  the 
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^^Ji'*.  po^^f  ^il'  be  proportional  to  the  relative  bulk  of  the 
opposing  gas.  Hence  the  quantity  of  any  gas  absorb- 
ed  by  water  ought  to  diminish  as  the  bulk  of  any  fo. 
reign  gas  in  the  residue  increases,  as  Dr  Henry  found  to 
be  the  case.  For  the  rery  same  reason,  Tvhen  water 
impregnated  with  any  gas  is  brought  into  contact  with 
a  different  gas,  a  portion  of  the  dissolved  gas  ought  to 
leave  the  water,  and  combine  with  the  elastic  fluid;  sad 
this  proportion  ought  to  be  such,  that  the  force  ezemd 
by  the  water  upon  the  portion  of  gas  retained  just  ba- 
lances the  force  exerted  by  the  elastic  fluid  on  the  <{Qin- 
ttty  absorbed. 

Thus^the  separation  of  almost  the  whole,  or  of  apart 
of  the  gas  from  the  water,  is  not  the  conscrqaence  of  an 
increase  of  elasticity  from  diminished  pressure,  but  of 
an  increase  of  elasticity  from  the  attraction  of  the  sn- 
perincumbent  gas. 

Let  us  suppose  that  two  gases,  equally  absorbable 
by  water,  are  mixed  in  equal  proportions,^ And  that  wa- 
ter is  impregnated  with  them.  As  ^heir  solubilitjis 
equal,  so  of  consequence  is  their  affinity.  Hence  tbe 
same  proportion  of  each  will  be  absorbed  ;  for  we  hare 
no  reason  to  suppose  that  the  solvent  power  of  water 
for  one  gas  is  altered  by  its  having  dissolved  another 
gas.  It  will  therefore  absorb  its  own  bulk  of  eadi  of 
them  ;  but  as  each  of  them,  in  consequence  of  the  mu- 
tual mixture,  is  reduced  to  half  the  usual  density,  this 
is  precisely  the  snme  thing  as  if  water  absorbed  half  its 
bulk  of  each  of  them  separately.  If  water  impregna- 
ted with  its  own  bullc  of  one  gas  be  brought  into  con- 
tact with  its  own  bulk  of  another  equally  absorbable, 
half  the  impregnating  gas  will  escape,  and  half  the  su- 
perincumbent gas  will  be  absorbed,  because  the  action 
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T)f  such  gRses  on  water  and  on  each  other,  supposing  the     Chap.  It. 
bulks  equal,  is  the  same.  ' 

If  we  suppose  equal  bulks  of  two  gases  not  equally 
absorbable  to  be  brought  into  contact  with  water,  the 
liquid  will  absorb  the  same  bulk  of  each  as  it  would 
do  separately.  Thus,  if  the  gases  be  carbonic  acid  and 
defiant  gas,  it  will  absorb  its  own  bulk  of  the  first,  and 
4th  of  its  bulk  of  the  second  ;  but  as  the  density  of  each 
of  these  gases  is  reduced  to  one»half,  this  is  the  same  •  ' 
thing  as  if  the  liquid  were  to  absorb  nearly  half  its  ^ 

balk  of  carbonic  acid  of  the  usual  density,  and  <rV^h  of  ^ 

its  bulk  of  olefiant  gas.  If  water  impregnated  with 
its  own  bulk  of  carbonic  acid  be  brought  Into  contact 
with  its  own  bulk  of  olefiant  ga^,  then  half  the  carbo- 
nic acid  will  escape,  while  only  f^^-th  part  x>f  the  olefi- 
ant gas  will  be  absorbed  :  because  the  olefiant  gas  ex- 
'  erts  the  same  power  upon  the  carbonic  acid  as  the  wa- 
ter, while  the  water  exerts  but  halt  of  the  power  upon 
olefiant  gas  that  the  escaped  portion  of  carbonic  acrd 
does. 

This  reasoning 'might  easily  be  applied  to  mixtures 
of  all  the  gases  in  any  proportion  whatever.  To  find 
how  much  of  each  gas  will  be  absorbed  by  water  when 
two  gases  are  mixed  together,  we  have  only  to  conceive 
that  water  absorbs  its  usual  bulk  of  each,  and  then  to 
consider  what  is  the  relative  density  of  each  gas  in  wa- 
ter,  to  know  correctly  the  quantity  of  each  really  taken 
up.  Thus,  suppose  a  mixture  of  80  parts  azote  and 
20  oxygen,  water  will  absorb  ^th  of  its  bulk  of  the 
first  and  -rV^^  ^^  ^^^  ^^'^^  ^^  ^^c  second;  but  the  densi- 
ty of  azote  in  this  case  is  only  T^tr^th  parts,  or  -j-^tlis  of 
its  usual  density,  and  that  of  oxygen  tVu^^^  parts,  or 
}lh.     Therefore^  to  find  the  bulk  of  each  really  absorb- 
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Book  III.    td,  luppotiDg  it  Uken  at  the  wiMi  diwilj*  w«  OHMlfti 

'  duce  ^th  to  i^tbs,  and  TT^b  to  f  tb  o(  jiM  MIi^-    Xhi 

result  would  be  nearlj  ^yi^tb.  of  azote  and  ilfth  of  ob|i. 
gen. 

But  if  we  know  the  pro{iordoa  of  cacb  fu  ahnck 

ed,  we  have  oolj  to  subtract  that  tiorti<MS  ia  Older  |s 

Qod  the  nature  of  the  residue. 

Proportion        7,  The  proportion  of  gases  absorbed  bjrm^iaoai^ 

gorQ^     sideraUj  inflnenced  by  the  temperature.     Dr.  Williiit 

iSmsS^  Henry  found»  that  100  inches  of  water  at  55^  absorhcl 

wF         108  inches  of  carbonic  acid  i  but  the  same  qpMatatfft 

water  at  85^  absorbed  only  64  inchea.     One  huadnd 

cubic  inches  of  water  at  55^  absorbed  100  inches  iC 

sulphureted  hydrogen^  while  at  85^  it  aboorbad  o^|jf 

05  inches  *•     We  are  not  to  consider  tbeae  nmeben  ts 

correct,  because  Dr  Henry  did  not  attend  fo  the  pndgr 

of  the  residue ;  but  they  are  sufficient  to  ahow  us  ihH 

the  proportion  of  gas  absorbed  is  affected  bjr  the  teaipa» 

rature. 

The  reason  of  this  is  quite  obvious.  The  elasticiiy 
of  gases  increases  with  thtir  tempecature  j  but  the  pro- 
portion of  them  absorbed  by  water  must  of  course  di- 
minish at  the  same  rate  as  their  elasticity  increases. 
That  this  is  the  true  explanation  has  been  shown  by^ 
experiment  of  Dalton.  If  water  impregnated  with  gas, 
and  having  an  atmosphere  of  the  same  gas  over  it,  be 
confined  in  a  well-stopped  phial,  it  may  be  exposed  to 
any  change  of  temperature  between  32^  and  212^  with, 
out  any  change  in  the  proportion  of  the  gas  contained  ia 
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fhe  water*.     In  this  case  the  superincumbent  gas  suf-     Chap. n. 

fers  the  same  chaoge  of  its  elasticity  as  the  portion  con- 
tained ia  the  water,  and  consequently  balances  that 

_^  change.     The  gas  and  the  water  continue  exactly  in 
\  the  same  situation  with  respect  to  each  other  as  ii^  no 
change  whatever  had  taken  place. 

8.  If  a  sufficient  quantity  of  pure  water  be  agitated 

-.  with  any  pure  gas  whatever,  the  whole  of  that  gas  will 

^  he  absorbed  without  leaving  any  residue;  but  if  the  wa- 
ter is  not  absolutely  pure,  then  there  will  always  re- 
mmin  a  rendue,  and  that  residue  will  consist  partly  of  4 

the  gas  absorbed,  and  partly  of  the  gas  previously  con- 
tained in  the  water. 

A  great  number  of  experiments  have  been  made  on  water  up- 
this  subject  by  different  chemists,  especially  by  Dr  P°*^**  ^^ 
Priestley  f  and  Mr  Berger  t  i  but  as  they  neglected  to  ycrt  ga^cs 
notice  the  nature  and  quantity  of  gas  with  which  the 
iRrater  used  was  impregnated,  and  likewise  (in  many 
cases)  the  purity  of  the  gas  used,  no  satisfactory  con- 
clusions can  be  drawn  from  their  experiments. 

Berger  found  that  when  common  air  was  allowed  to 
stand  over  water  till  it  had  lost  f  th  of  its  bulk,  the  resi- 
duum consisted  wholly  of  azotic  gas,  for  phosphorus 
produced  no  sensible  change  in  its  bulk.  Dr  Priestley 
found  the  same  change  produced  when  the  bulk  of  the 
air  was  reduced  to  0*7  or  to  *75.  This  change  is  ob- 
viously connected  with  some  particular  change  which 
takes  place  in  stagnant  water ;  probably  a  species  of 
putrefaction.     Some  substances  contained  in  the  wa- 
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Boofcm,  ter,  and  Uken  up  from  the  vesftV  ^^cm  to 
the  property  of  nnitiog  fvkh  oagr^fo^  Bad  thai 
drawing  it  from  the  vater  as  rapidlj  aa  it 
Thus  Mr  Dalton  founds  that  mmux'  kept  iu  a 
trough  very  soon  lost  the  whole  •£  its  wygea*.  h 
not  so  easy  to  explain  the  result  obCMnsd  faj  dMK|lil 
losophers  when  nitrous  gaa  and  bjniiiig«D  gas  act 
left  standing  over  water.  Bergman  fcoa4  thatbodi  m 
by  long  standings  lost  ^th%  o£  their  balk}  tha 
was  acote. 

^  Such  are  the  phenomena  of  the  ebaorpcaBa  af 

by  water.  They  all  admit  an  eaaj  ^xpleaafion^  ^^i 
supposition  that  there  exists  an  affinity  batasemJii 
gases  and  water,  and  that  the  propeninn  ef  epdkfi 
which  is  absorbed  is  regulated  bj  ita  affioi^  fiv A 
water  and  by  its  elasticity*  Let  oa  noar  cooaidcr.At 
more  absorbable  gases. 

II.  All  the  very  absorbable  gasea  belong  to  theibi 
of  acids  and  alkalies.  The  fallowing  is  m  list  of  ank 
of  them  as  have  been  hitherto  examined,  placed  ia  Ae 
inverse  order  of  their  absorbability  : 

List  of  the  !•  Oxy  muriatic  acid  gaa 

«Sbtg,  2-  Sulphurou,  acid 

v*-  3.  Fluoric  acid 

4*  Muriatic  acid 
5.  Ammoniacal 
Probably  both  the  hyperoxymuriatic  acid  and  the  pros, 
sic  acid  ought  to  be  classed  with  the  preceding  ehitic 
fluids  ;  but  no  exact  experiments  relative  to  thdr  ab- 
sorbability have  been  hitherto  made* 
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^  ^^^  The  following  Table  exhibiti  the  number  of  mea-     Chap.  il. 
^  Wesoi  each  of  these  gases  absorbed  by  one  measure  of  Bulk  of 
;. lire  water.  ^-.'^^ 

^    :  Oxjmuriatic  acid 1*5+  water. 

Sulphurous  acid 33 

Fluoric  acid •••••175+  . 

Muriatic  acid 516 

Ammoniacal • 780 

^*Tbe  absorption  of  oxjmuriatic  acid,  as  stated  in  this  ta- 
Ue,  is  ccrtainlj  greatly  under  the  truth  ;  at  least  if  we 
can  judge  from  the  rapidity  with  which  the  absorption, 
of  this  gas  takes  place.  It  is  stated  from  an  experiment 
of  BerthoUet,  made  long  ago,  that  a  cubic  inch  of  water 
abaorbs  about  lyd  grain  troy  of  this  gas.  The  remain-* 
iBg  numbers  contained  in  the  table  are  the  result  of  mj 
own  experiments.  I  did  not  succeed  in  ascertaining  the 
quantity  of  fluoric  acid  absorbed  by  water.  A  cubic 
inch  of  water,  after  it  had  absorbed  175  inches  of  that 
gas»  was  become  a  solid  jelly,  and  could  not  be  made  to 
absorb  any  more.  The  gas  was  extricated  iu  glass  ves- 
sels, and  of  course  contained  silica,  to  which  the  jelly 
was  owing. 

2.  When  a  cubic  inch  of  water  is  saturated  with  the   Expansion 
preceding  gases,  it  undergoes  an  increase  of  bulk.     The   ter.' 
following  Table  exhibits  the  bulk  of  the  water  when  thus 

saturated,  supposing  the  original  bulk  to  have  been  1. 
Satunted  with  Cubic  Inchct. 

Oxymuriatic  acid ••••••••••••  ••.1*002-|- 

Sulphurous  acid  ..•• •••• • 1*040 

Fluoric  acid •••••• — 

Muriatic  acid 1*500 

Ammoniacal.. • 1*666 

Thus  the  particles  of  the  water,  by  this  impregnation. 
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arc  separated  farther  from  each  other  thsn  thejweitKl 
first.     Hence  the  density  of  the  gas  mbsorbed  is  soli 
great  as  it  would  appear  to  be  at  first  sight  bom  Ai 
bulk  of  it  absorbed.     Thus,  though  one  cubic  inckrf 
water  absorbs  516  cubic  inches  of  moriatie  add  p^ 
yet  as  the  cubic  inch  expands  during  the  abflorptiQia 
as  to  become  14-  cubic  inches   it  ia  obvioas  that  orij 
■^s  of  the  516  inches  of  gas  are  contained  in  scalk 
inch  ;  the  remaining  third  is  necessary  for  the  additioai 
half  inch   produced  by  the  expansion   of  the  wsfer. 
Hence  the  density  of  the  muriatic  acid  gas  in  the  m^ 
ture  is  just  ^d%  of  5 1 6  or  344.      That   is  to  say,  tint 
every  cubic  inch  of  such  saturated  water  contains  S44 
cubic  inches  of  muriatic  acid.     By  m  aimilar  mdU 
may  the  density  of  each  of  the  gases  in  water  satmUti 
with  th^'m  be  ascertained.      The  following  Table  a* 
hibits  these  densities : 

Oxymuriatic  acid •• 1*5 

Sulphurous 31*7  =  3'  nearly 

Muriaiic 344*0  =r  7' 

Ammonia 468*0  -=18* 

From  this  tabic  it  appears  that  the  atoms  of  sulphuroni 
acid  gas  in  water  saturated  with  it  are  nearly  three 
times  nearer  each  other  than  in  their  usual  state  ;  those 
of  muriatic  acid  seven  times  nearer,  and  those  of  ammo- 
nia are  almost  eight  times  nearer. 

3.  It  win  not  surely  be  denied  that  the  absorption  of 
these  gases  by  water  is  the  consequence  of  an  affinity 
between  them  and  that  liquid ;  for  it  is  impossible  on 
any  other  supposition  to  explain  the  enormous  conden- 
sation which  they  experience,  notwithstanding  their  Cr 
lastitity.  Yet  the  phenomena  nre  in  every  respect  the 
same,  except  in  degree,  with  those  of  the  gases  consider* 
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«d  in  the  preceding  part  of  this  Section.     Not  only  the   ^Chap.  II.^ 
rapidity  of  absorption,  but  even  the  quantity  absorbed, 
is  materially  affected  by  the  mixture  of  them  with  other 
gases.     They  only  expel  each  other  partially  from  wa- 
ter»  as  happens  to  the  other  gases.     When  liquid  am* 
monia  is  tbrown  up  into  a  barometer  tube,  the  mercu- 
ry immediately  sinks  ten  inches.      The  other  gaseous 
solutions  produce  a  similar  effect.      They  are  expelled 
likewise  when  the  impregnated  liquid  is  placed  under 
the  receiver  of  an  air-pump,  and  when  it  is  exposed  to 
n  boiling  heat.     In  short,  it  is  impossible  to  point  out  a 
single  circumstance  in  which  the  absorption  of  these  ga- 
seous bodies  by  water  differs  from  that  of  the  first  class 
of  gases,  excepting  merely  the  bulk  of  them  absorbed. 
In  most  of  the  gases  belonging  to  the  first  class,  the  ga* 
ses  experience  an  expansion  when  absorbed  ;  while  in 
all  those  of  the  second  they  undergo  a  condensation. 
The  condensation  demonstrates  that  the  affinity  of  the 
gases  for  water  is  greater  than  their  elasticity  ;  while 
the  expansion  indicates  just  the  contrary. 

If  the  affinity  be  measured  by  the  cube  root  of  the  re* 
lative  condensation,  then  it  will  follow  that  the  affinity 
of  muriatic  acid  for  water  is  28  times  greater  thnn  that 
of  azote,  and  the  affinity  of  ammonia  32  times  greater  ; 
that  the  affinity  of  tnuriatic  acid  is  seven  times  greater 
than  that  of  carbonic  acfd  ;  and  so  on. 

III.  With  respect  to  the  absorption  of  gases  by  other  Abwrptlon 
liquids,  we  are  not  in  possession  of  many  experiments  ^p*^^T 
oi  a  decisive  nature.     Dr  Priestley  tried  the  absorption  quids. 
of  various  gases  by  alcohol,  ether,  and  different  kinds  of 
oil  .     Mr  Dalton  has  likewise  made  some  experiments 
•n  ti  e  subject,  but  he  has  only  announced  the  result  of 
hem  in  general  terms< 
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Wof>kli^^       Alcohol  teems  to  be«r  » ilroBg 

in  thfi  power  of  abaorbiag  gautt*  Ops 
v^nl  gaics  precisely  at  water }  bat  vjffm^ 
with .  iMre  energj.  Dr .  Priestkjr  taoad,  tfcM  Mb 
tiurpent^ie  and  olive  oil  absorb  nicrosit  g^i  JM 
able  quaotity,  aad  deoooipose  it»  T^mfhrnmi^i 
property  of  absorbing  and  condensing 
^ommoc^  air»  Nitric  acid  absorbsf  ma  mi9fwmm  fn|4 
ly  of  nitroiii  gasi  for  wki^  tl  baa  a  wtntt^w/ftmtjf^.it^ 
is  gradually  converted  into  nitrotu  vaponr^  wkSo  f^ 
ther  acids  act  upon  it  nearly  as  iratei;  |docsa»  Thaipv 
gas  is  absoifbed  in  considerable  qoantitiea  hj  jnd^l% 
nitrate,  and  muriate  of  iron  ;  in  anaall  qmuitHiils  byalf* 
pbate  of  tin,  sulphate  of  zinc,  muriate  of  xtiic.%aai4i' 
veral  of  the  salts  of  copper.  ■ 


SECT.  V. 


OF  THE  COMBINATOK  OF  OASES  WITH  SOUOt. 

As  gases  and  solids  arc  in  a  state  still  more  diiEncnt 
from  each  other  than  gases  and  liquids,  their  combtas- 
tions  must  be  attended  with  still  greater  difficulties.  It 
will  be  opposed  on  the  one  hand  by  the  elasticity  of  iht 
gases,  and  on  the  other  by  the  force  of  cobeiiam,  wbich 
unites  together  the  particles  of  the  solid ;  and  no  combi- 
nation can  take  place  unless  the  aiSnity  be  sufficiently 


f 
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^IMg  to  e»«corae  the  one  or  the  other  of  the«  forces.  Chip.n^ 
Che  ocw  compound  will  be  either  gaseous,  solid  or  li- 
uid,  tceording  to  the  proportion  of  the  constiluenti 
'oabinei],  tuid  the  inliinacy  of  their  anion.  Let  at  ex- 
'^sinv*  ia  liic  first  place,  the  conbination  of  the  Gimplc 
-^un  with  solids,  and  aftcrwnds  turn  our  attonlioa  to 
'ha  compound  gases, 

^    I.  The  simple  gates  are  in  nuinber  five ;  but  two  of  Simpltf 
Hhenit  mumtic  acid  and  fluoric  acid,  have  scarce)  j  bacn  '^"^ 
Wtacrved  to  combine  with  any  solids  except  allul!e», 
licBitbs  and  metalhc  oxides.    With  ih«se  they  form  coin- 
dbintioni  of  a  complicated  nature  called  jailt,  the  exa- 
Iflgpi'P""   of  which  belongs  to  a  subsequent  chapter. 
lOxygai,  hydrogen,  and  a^alt  arc  the  only  simple  gasef 
:b  at  present  claim  out  attention. 
The  only  simple  solid  bodies   known  are  tarbon, 
phosphorus,  sulphur,  and  the  metals.     Now  oxygen  is 
Icapabic  of  combining  with  them  alt. 

With  caibon  it  unites  only  in  three  proportions,  as  Oiygai 
\fax  at  tcast  as  we  know  at  present,  and  forms  the  three  ^  "'* 
,1  compounds  called  carbonic  ncid,  carbonic  oxide,  and  cai^ 
,  ioKout  oxide.  The  two  first  are  well  known  ;  they  arc 
gsseousfiuids.  The  third  has  not  been  examined  ;  but 
it  is  presumed  to  exist,  from  the  phenomena  which  ap< 
pear  during  the  combustion  of  ihe  diamottd.  It  is  a  so- 
I  lid  substance.  Of  tlie&e  compounda  the  carbonic  acid 
has  been  analysed  with  the  greatest  care.  If  we  col), 
elude,  from  the  expcrimems  of  Lavoisier  and  Teiinant, 
as  confirmed  by  Allen  and  Popys,  that  it  is  composed 
of  2S  carbon  and  72  oxygen,  and  suppose  with  Dalton 
that  a  particle  of  it  is  composed  of  one  atom  of  carbon 
and  two  of  oxygen,  we  can  easily  find  the  reUtive 
',  weight  of  an  atom  of  carbon  :  for  one  atom  of  carbon 
yiU.iH.  LI 
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^^^?^^  nuMt  hs  to  two  ttmni  of  oxjrgeD  ss^a-MtitftK 
ttotaoEiajgtii  m  88  :  80^  or«8  ^'ta9^  BBtvtfii 
bcfimi|:UMt  An  alotti  of  oxjrgeo  was  a^;:  ipe  flMtii 
fott. dtmbiih  the  oHmbeniaiidtf^.eachiJilsfdpU 
toioonvert  o  into  «,  aiid  picattHa  tb^  saitopnfp 
between  them.  Thii  gheet  oe  4$4is  inaend  rf.7«  ■ , 
cording  to  this  hypothesis,  A\iM  is::tlw  .wti||M 
fttons  of  csibon,  provided  thet  of  o«ygr»>!»  5* 

Lei  tts  now  conpera  Jtbe  weight  dMm  fo— d  wid 
afMljsk  of  the  other  twocompomub  of  cmjgen  Hd 
bpp«  v,  ;Act  evbonie  oxide  oonuins  ]«80«xj|co  tfci* 
booic  ncid,  we  must,  aeootding  to  MxHwlvomS  h 
thesis^  eonfider  it  at  composed  of  xme  atom  of  «i 
apd  one  atodi  of  carbon  :  and  for  a  aioular  veason^ 
bonoQS  oxide  must  consist  of  two  stoma  o£  anrboaa 
X^Mut  of  oxygen* 

From  the  experiments  of  Crtf ikshaoka»  we  lean 
carbonic  oxide  is  cotdposed  of  41  partst  bj  weigl 
oxygen,  and  28  of  carbon.  Therefore  we  havem 
of  oxygen  to  an  atom  of  carbon  as  41  :  28,  or  as  8 
nearly.  This  does  not  differ  very  much  from  the 
ceding.  A  very  Bmall  error  in  the  two  experimei 
which  the  composition  of  these  bodies  is  founded  i 
ri^concile  them.  The  mean  of  both  is  nearly  4r»  i 
we  may  consider  as  indicating  nearly  the  weight 
atom  of  carbon.  The  following  will  be  the  syi 
for  the  comipoaition  of  an  atom  of  each  of  the  compi 
of  carbon  and  oxygen,  together  with  their  weigh 
cording  to  the  numbers  thos  adopted. 

Q^  Carbonic  oxide ••10-5 

^Q0  Garbonous  oxide 15*0 

Carbonic  acid « 10*5 


Cofiftito- 
cnti* 
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■^  ^^''fcPhfinkrkable  that  ctrbooic  oxide  cannot  be  formed 

^.  iNMIy.bj  the  union  of  oxygen  and  carbon  or  charcoal. 

^^rla  only  obtained  by  the  decomposition  of  a  product  of 

Mlbostion  by  nieans  of  a  combustible.     The  products 

wti  decomposed  are  carbonic  acid  by  ihetallic  oxides^ 

fld  hydrogen  and  water  by  charcoaK     There  is  still  an 

IUHbiguity  about  this  compound ;  the  circumstance  of 

.la  being  lighter  than  oxygen,  although  it  consists  of 

^   VspjFgen  holding  carbon  in  solution,  is  an  anomaly  point-^ 

ed'out  by  Bertbollet^  which  has  not  yet  been  accounted 

ft^'in  a  satisfactory  manner^     If  carboo  were  an  elastic 

flvid,  its  specific  gravity,  according  to  the  above  state-* 

aut,' might  be  supposed  to  be  '809i  that  of  air  being 

_  '  I'OO.-    In  that  case  the  specific  gravity  of  carbonic  ox* 

"^^  Mey  supposing  that  no  condensation  took  place,  ought 

to  be  exactly  0*P56,  which  it  is  in  realityi     But  these 

^  soppositions  appear  to  me  inadmissible,  unless  we  take 

^*   into  view  another  circumstance^  which  Berthollet  has 

^    overlooked  :    I  mean  the  difference  between  the  states 

of  carbonic  oxide  and  carbonic  acid.      The  first  is  • 

combustible,  the  second  a  product ;  hence  the  oxygen 

in  the  first  must  contain  a  portion  of  caloric  of  which 

the  second  is  destitute.      This  dose  probably  prevents 

the  condensation,  and  preserves  to  the  compound  all  the 

elasticity  that  it  would  have  had,  supposing  the  carbon 

gaseous. 

In  cases  of  combustion^  the  first  change  of  the  carbon 
seems  to  be  into  carbonous  oxide ;  a  combination  proba* 
bly  as  little  intimate  as  carbonic  oxide^  but  not  gaseous^ 
on  account  of  the  great  proportion  of  carbon.  The  ul* 
timate  compound  is  carbonic  acid,  the  most  intimate  of 
all,  as  is  obvious  from  its  great  density  and  difficult  de^ 
composition. 

Lid 
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BoflfcUf>        2.  Oxygen  is  capable  of  ofutiiv  likewise  Mlhrtli^l 
OxTfcen        three  proportions  of  phosphoras^  fonaiog  tke  coaqMi^l 
phorui!*^    called  phosphoric  oxide,  pbospfaonms  mad,  wai  ph^V 
phoric  acid.      They  are  all  solid  subatiocea.     lattl 
respect  they  difFer  extremely  from  the  couihinariiil  ■ 
osygcn  and  carbon,  wliich  are  diieflj  gaeeoati    ^1 
is  directly  the  reverse  of  what  one  wooM  have  tsfi$ti  m 
a  priori;  carbon  is  the  least  disposed  to  Mmmeths^  ■ 
lastie  form  of  all  the  solid  bodtea  kottwo :  for  ask  I 
gree  of  heat  is  capable  of  melting  tt^  £w  lev  of  vihi  I 
Using  it ;  whereas  phosphoroa  naej  be  ooovertaAte  I 
▼apour  with  comparative  ease,  siaoe  the  heat  o(«  I 
fires  is  capable  of  boiling  it  very  reedslj.      The  dife  1 
eoce  seems  to  depend  upon  the  density  of  the  aioasd  I 
phosphoroSy  and  upon  the  comparMiveljaaaUqaaMiy 
of  oxygen  with  which  they  unite. 

As  phosphoric  acid  has  been  analysed  with  aceniacj^ 
it  will  enable  us,  by  the  application  of  Dallon*s  bjf^ 
thesis,  to  ascertain  the  comparative  vireight  of  an  Hm 
of  phosphorus,  aiid  thence  to  deduce  the  conapoeitioa  if 
the  other  compounds.  This  add  is  composed  of  115 
parts  by  weight  of  oxygen  and  100  of  phosphorus.  1( 
wc  suppose  with  Dalton  that  it  is  formed  by  the  uuisB 
of  one  atom  of  phosphorus  with  two  of  oxyg;eny  then  «t 
have  an  atom  of  phospliorus  to  two  atoms  of  oxjgtOf 
as  100:  115,  and  to  one  atom  of  oxygen  as  Jl-O;  5T5. 
Henccy  if  the  weight  of  an  atom  of  oxygen  be  6»  that  of 
an  atom  of  phosphorus  must  be  10*4.  Let  the  symbol 
for  phosphorus  be  (D,  then  the  symbols  for  the  three 
compounds  of  oxygen  and  phosphorus,  and  the  weight 
of  an  atom  of  each,  will  be  as  fiillows  : 

Conatitu-  Deuitj. 

^^•-  QQ)  Phosx)horous  acid 16*4 
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a^CXD  Oxide  of  phosphorus 86*8 

QQ)3  Phosphoric  acid  .  •  • 22*4 

phosphoric  acid  is  the  result  of  a  complete  comhus* 

moa,  while  phosphorous  acid  is  still  partiallyi  and  oxide 

Wpfaosphorus  completelj  comhustihle,  its  density  ought 

.  be  greater  than  that  of  the  rest,  ivhich  is  the  case. 

'^The  specific  gravity  of  melted  phosphoric  acid  is  2*8 5, 

_  while  that  of  phosphorus  is  not  more  than  1-8.     Thus 

^  phosphorus,  when  united  to  oxygen,  undergoes  a  con- 

**.dM8ation>      The  density  of  the  oxygen  is  increased 

**  OMMre  than  1000  times.     Tliis  very  great  augmentation 

"  '^  ^  density  accounts  for  the  permanency  of  this  com- 

*^  pound,  and  the  extreme  difficulty  of  decomposing  it. 

^        3.  Oxygen  unites  also  to  sulphur  in  three  proper-  Oxmn 

tions,  and  forms  compounds  with  it  different  from  those  ^^^ 
i    which  it  forms  with  carhon  and  phosphorus ;  for  one  of 
r     them  is  a  gas,  another  is  a  liquid,  and  the  third  is  a  so- 
lid.     These  compounds  are  oxide  of  sulphur,  sulphu 
xotts  acid,  and  sulphuric  acid.     The  last  has  been  ana- 
lysed with  care.     The  analysis  will  enable  us,  by  means 
of  Dalton's  hypothesis,  to  estimate  the  relative  weight 
of  an  atom  of  sulphur.    This  acid  is  composed  of  13d '5 
parts  by  weight  of  oxygen  and  100  of  sulphur.     If  we 
suppose  with  Dalton  that  it  is  formed  by  the  union  of 
an  atom  of  sulphur  to  three  atoms  of  oxygen,  then  we 
liave  three  atoms  of  oxygen  to  one  atom  of  sulphur  as 
136*5 :  100  ;  and  one  atom  of  oxygen  to  one  atom  of 
sulphur  as  45.5  ;  100,  or  as  6  to  lA.    Hence  the  weight 
of  an  atom  of  sulphur  would  be  13.      If  we  compare 
this  with  my  analysis  of  sulphurous  acid,  and  suppose 
at  composed  of  two  atoms  of  oxygen  and  one  atom  of 
sulphur,  we  obtain  nearly  the  same  weight  of  an  atom 


&34 


Book  nr. 


cnci. 


Cnnttitu- 
tutt* 


COMBIKATIOiror  OASES 

of  salphur.      The  following  are  the  symbols  a&dk 
ftitj  of  the  atoms  of  these  diffi^reot  compoonds: 

Q@^  Sulphurous  acid  •••» 25 

@(7)@  Oxide  of  sulphur 32 

Q^O  Sulphuric  icid 31 

There  is  a  very  striking  resemblance  bctwees  di 
combinations  of  oxygen  with   phosphorus  and  snlfk. 
A  certain  elevation  of  temperature  is  necessary  tobep 
the  combination.    This  heat  probably  acts  by  diniLoiiL 
ing  the  cohesion  of  the  atoms  of  the  solid  bodies.    Tk 
first  compound  in  both  is  solid  and  combustible.     TIds 
combination  is  far  froin   intimate^  but  it   disposes  die 
solid  bodies  to  a  closer  union.       Thus,    to  a  ccrtu 
extent,  the  oxygen  loses  its  clastic  form,  and  is  ccnden. 
sed  into  the  solids.     When  the  combustion  is  complete, 
botli  of  them  form  products  of  combustion.      Theio- 
termcdiate  compound  seems  to  be  the  result  of  an  in. 
perfect  combustion^  and  to  be  less  intimate  than  thcol- 
tiniate  compound  :  for  when  sulphurous  acid  and  phos- 
phorous acid  arc  exposed  to  a  sufficiently  strong  hw, 
they  arc  decomposed  ;  sulphur  and  sulphuric  acid  belog 
separated  in  the  one  case,  and  phosphorus  and  phospho. 
rie  acid  in  the  other.      Water,  however,   seems  to  be 
a  necessary  agent  in  these  decompositions. 

But  notwithstanding  the  great  similarity  between 
phosphorus  and  sulphur,  and  between  the  compounds 
which  they  form  with  oxygen,  the  differences  between 
these  compounds  arc  considerable.  The  union  between 
phosphorus  and  oxygen  is  much  more  intimate  than  that 
between  oxygen  and  sulphur.  Hence  the  oxygen  in  the 
former  is  in  a  much  more  condensed  state,  and  the  de- 
composition is  much  more  difficult  than  in  the  Jitter. 
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'  ^Hiere  is  tnnch  less  difierence  between  phospborfe  tnfl 
phosphorous  tcids  th&Q  betweien  sulphurous  and  sulpbo^ 
'  ric.    These  diflferences  are  probtUj  owiiYg  to  the  gr^at« 
cr  affinitj  of  phosphorus  for  oxygen.      Xbe  cohsttto- 
cots  of  sulphurous  acid  are  much  more  loosely  United 
than  of  sulphuric*    Hente  the  reason  of  tlie  comparative 
!;   case  with  which  it  may  be  decomposed  bj  many  sub- 
fi    stances  which  do  not  act  uppp  sulj^huric  acid.      Heoce 
(    |>erhaps  the  reason  why  it  r.etains.  an  elastic  form.     It 
/deserves  attention,  that  many  substance%  as  phosphorus, 
mercury,  &.c«  have  the  pjroperjty  of  converting  sulphu- 
ric acid  into  sulphurous,  and  that  the  compounds  form- 
ed are  of  the  very  same  nature  as  if  they  had  been  form- 
ed by  a  supporter  of  combustion  ;  but  much  heat  is  re- 
quired to  produce  the  action* 

4-  Oxygen  has  the  property  of  uniting  in  various  Oxygen 
doses  with  all  the  metals;  but  the  compounds  formed  ^^  "^ 
are  always  solids.  In  these  combinations,  then,  it  is  the 
solid  body  which  retains  its  state,  while  the  oxygen 
loses  it.  We  must  ascribe  this  to  the  very  great  cohe* 
sive  force  by  which  all  the  metallic  particles  are  uni* 
led  ;  a  force  weakened  no  doubt  by  the  combination  of 
oxygen,  but  not  overeome.  The  atoms  of  the  metals 
are  probably  incomparably  more  dense  than  those  of 
other  bodies. 

The  investigation  of  the  composition  of  the  metallic 
oxides  is  not  far  enough  advanced  to  enable  us  to  apply 
to  them  the  hypothesis  of  Dalton  with  much  advan- 
tage.  It  would  be  easy  indeed,  by  taking  the  atoms  of 
oxygen  capable  of  uniting  with  an  atom  of  metal  at 
pleasure,  to  find  numbers  whi^b  would  correspond  with 
our  table  of  the  composition  of  these  oxides  given  iii  % 
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UUitf  oxufef  Fbich  |uim  Wn  tfMdjvd  wilk  cm; 
tiMi  pc^portioQ  of  fl^ygin  fscrasiM  j/Mif  iwguUj 
This  will  tppett  inm  fht  IbttowiBg  'fWtt,  in  mkii 
the  proportion  of  ojtjrgei|  which  lyutes  wilfa  a  pw 
weight  of  metal  it  tUta4  anmerifdlj^ 

Firetexide. . . : 1 

peroxide.  •  •  •  • 9 

Mkicuit. 

Frotozide • I 

Peroxide .••••ff 

CoFPxn. 

Pkotoxtde 1 

Peroxide 9 

Ixov. 

Protoxide .  •  •  • 1 

Black  oxide z 

Peroxide  •  •  •  •  • 5^ 

Tiir. 

prey  oxide .2 

4  Peroxide S 

Lead. 
Yellow  oxide. «.««.9 

0  

Red  oxide  ••..  .••••♦♦••••S 
Peroxide ••<! 
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Zinc.         oxygen. 

Protoxide.  •  •••«•• I 

Peroxide.  •  ••••.•••••••••£ 

Aktimont. 

White  oxide •...«. 3 

Peroxide.  •  • ,4 

Arsenic. 

White  oxide  •»•*•• ..8 

Arsenic  acid  •••••.•••••.•$ 

Makoamess. 

White  oxide »2 

Red  oxide. • ••.••.•.•••••3 
Peroxide  • .••.••5 

Titanium. 

Protoxide 1 

Red  oxide 2 

White 3 

Of  all  the  metallic  oxides  those  are  bj  far  the  moat 
intimate  compounds,  and  the  most  difficult  to  decom- 
pose,  which  are  formed  by  combustion.  Thej  are  per* 
feet  products  of  combustion,  and  resemble  the  products 
of  the  simple  combustibles  in  many  respects.  Were  we 
to  suppose  these  oxides  compounds  of  one  atom  of  the 
metal  with  two  atoms  of  oxygen,  as  i^  the  case  with  the 
products  of  the  simple  combustibles,  we  might  in  that 
case  ascertain  the  weight  of  an  atom  of  each  of  the 
metals.  All  those  oxides  in  the  preceding  Table  which 
bave  the  number  2  after  them  are  formed  by  com- 
bustion. Were  that  supposition  to  be  admitted,  the 
numbers  which  follow  the  other  oxides  would  indicate 
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Babfcnr.    Hbe  iiiimber  of  ttoois  of  ozjgeii  m  them  vailed  li« 

^         mtomoftbemetah    The  foHowing  woald  be  cht  «if|| 

of  an  atmn  of  caeh  ineMi,  tocordkig^  to  tbit'kypaihai^ 

supposing  that  of  ozjgen  0* 

iJIKlu.      Lead  •• •#•••  •^ISO  *Tlo  •^••••^•••••4I 

Mercury  .•.••••••••120  Zinc, ;..«.»4t 

Antimony  ••••• 90  Mang«neae»»«  ••••4t 

Platinum... ••••••  •:  80  Arsenic ••••  ••••••54*5 

Coppcr..^*..^.,...  48  Iron ••3f'4 

The  metals  differ  froto  the  simple  combostiUci  ii 
the  property  which  they  haire  of  onTting  srkh  addiiiosil 
doses  of  oxygen^  after  they  have  formed  with  it  ibdr 
most  intimate  combination.  These  new  coilipoiuidft  is* 
tain  the  oxygen  with  iquch  lesf  energy  than  those  wUdl 
we  have  been  considering.  In  this  respect  they  agm 
with  azote,  which  combines  with  more  oxygen  thsa  11 
contained  in  nitrous  gas,  the  compound  which  is  of 
most  difficult  decomposition.  All  these  new  metsJIic 
combinations  contain  the  oxygen  in  a  state  capabk  of 
snppc»-ting  combustion.  It  is  trom  them  that  we  ass* 
ally  obtain  oxygen  gas.  Whether  all  the  metals  possess 
this  property,  has  not  been  ascertained.  Iron,  mangs* 
iiese,  and  tin,  possess  it  in  the  most  remarkable  degree. 
They  absorb  oxygen  even  from  the  atmosphere.  Lesd 
also  possesses  it  to  a  considerable  extent,  and  so  like- 
wise does  arsenic,  and  probably  also  antimony. 

Many  of  the  metals  are  capable  also  of  uniting  with 
smaller  doses  of  oxygen  than  that  which  they  absorb 
during  combustion.  These  combinations  are  less  inli- 
mate,  their  character  is  not  so  well  marked,  they  hates 
much  weaker  tendency  to  unite  with  other  bodies^  sal 


•  WITH  SOIIBS.  * 

are  of  a  less  permanent  nature,  than  the  compoands  from 
combustion.  In  what  state  the  oxide  which  thej  con- 
tain iSy  has  not  been  ascertained ;  but  it  is  not  unlikely 
that  thej  bear  a  ceruin  resemblance  to  the  combustible 
oxides. 

5.  Though  there  exists  a  considerable  affinity  be»  Hjdrogoi 
tween  hydrogen  and  the  three  simple  combustibles,  JJ^j^j^^ 
they  do  not  unite  when  brought  into  contact,  unless  ei* 
ther  the  cohesion  of  the  solid  bodies  be  removed,  or  the 
elastic  fluid  be  exhibited  in  a  nascent  state*  This  shows 
us  that  it  is  the  force  of  cohesion  of  the  solids,  and  the 
elasticity  of  the  gas,  which  prevents  the  combination. 
Heat  does  not  destroy  the  cohesion  of  carbon  ^  there- 
fore it  cannot  be  united  to  hydrogen  by  heat:  But  Gen- 
gembre  found  that  when  sulphur  and  phosphorus  were 
kept  melted  in  hydrogen  gas,  a  combination  took  place. 
It  is  chiefly,  however,  by  the  decomposition  of  water 
that  ttiese  combinations  are  accomplished. 

All  the  known  combinations  of  hydrogen  with  a 
simple  combustible  are  gases  except  one,  namely,  so- 
persulphureted  hydrogen,  which  is  liquid,  but  readily 
converted  into  vapour.  This  is  the  consequence  of  the 
great  elasticity  of  hydrogen  gas.  None  of  the  other 
elastic  fluids  are  to  be  compared  with  it  in  this  respect. 
The  atoms  of  which  it  is  composed  must  be  smaller, 
and  their  distances  from  each  other  greater,  than  in  any 
other  gas.  Hence  it  will  oppose  a  greater  resistance  to 
those  affinities  which  would  condense  it  into  a  solid  or 
liquid  state,  and  will  always  be  disposed  to  resume  a- 
gain  its  elasticity. 

Hydrogen  combines  with  two  proportions  of  carbon 
and  sulphur,  and  probably  likewise  with  two  of  phos- 
phorus.    At  least  no  other  satisfactory  account  can  he 


9i»  coMBanincttr  •»«. 


*^"'\  given  of  the  grait  diffeitaM  AatiwiLiln  fn^iimii 
phofphnrettd  hydrogtn  at  <ifcrMi>tilH.  If  t«i  n^ 
fij  the  bypothetis  of  DiHos  lo  41mm  mmfm^lm 
BUjr  oonaidcr  them  es  eotapo&td.ai  mmjami^^im  eiMi 
of  the  hydrogen  nnited  to  one  etom  of  the  aolid.-:,!!! 
£dUo wing  will  be  the  sjmboitfMr.  thoMcMq^MKdmri 
jthe  weight  of  an  atom  of  eaah  aooaedi^g  !•  dus  li|fl» 
thetiss  .  ,,4 .. 


CnfMtitn.  Q^  piefiant  gas  ••••«••••••••••»••«  5'S 

^jQQ  Carbureted  b/drogen^.^.a**..*  6*5 

Saperpboaphweied  l^jdngcn  1 1*4 
Pboiphureied  hfigoguam^^mmm  18.4 

Sapenulphiiret^  hydrogta  ••!# 
Sulphnreled  b7dt^agoa«%««.*«».lS 


oo 


o<»o 


oco 


Let  ui  oonpara  this  hTpothesis  with,  tho  aoaljai^ 
such  of  these  compounds  as  we  are  affnaaiated  with. 
By  the  analyses  of  Messrs  Henry  end  Croikshak^ 

earbureted  hydrogen  contains  at  most  13*4  bj  weig^ 
of  carbon  and  5*2  of  hydrogen.  According  to  thii 
atatementy  we  bsve  the  weight  of  two  atoms  of  hydro* 
gen  to  that  of  an  atom  of  carbon  as  51  :  134^  or  as  1  le 
2*5  'f  and  that  of  one  atom  of  hydrogen  to  one  of  csr* 
bon  as  1  to  5 ,«-«  result  which  does  not  differ  mack 
from  the  weight  of  carbon  foun4  from  the  analysis  of 
carbonic  acid. 

According  to  the  experiments  of  the  Dutch  chemtm 
and  Henry,  olefiant  gas  contains  at  most  23*3.of  carboo 
by  weight  and  5'48  of  hydrogen.  According  to  this 
btatement^  we  have  an  atom  of  hydrogen  to  an  atom  of 
carbon  as  548  :  2350,  or  as  1  to  4^1  which  is  still  near* 
er  the  weight  of  carbon  from  carbonic  acid  than  the  pro* 
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Bcdiog.     The  mean  of  the  whole  weiild  be  4*6,  which     C1>>p-ll 
is  probably  verj  near  the  truth. 

Our  knowledge  of  the  combioations  of  sulphur  and 
phosphorus  with  hydrogen^  is  still  too  imperfect  to  ad«- 
Bait  of  comparison  with  the  results  obtained  from  the 
analysis  of  solphuric  and  phoaphoric  acids.  Thenard's 
analysis  of  aulphuxeied  hydrogen  by  no  means  OQrre»* 
pond3  with  the  notion,  that  this  gas  contains  two  atoOH 
of  hydrogen  and  oae  of  sulphur,  provided  the  weight  of 
snlphur  be  estimatad  from  the  conaiitntion  of  sulphuric 
acid ;  but  nsany  ciroumstaaces  render  this  analysis  sus- 
picious. It  is  diflScult.  to  see  how  sulphuretod  hydra- 
gen  could  be  .completely  decomposed  by  an  acidf  and 
its  sulphur  addified  without  some  loss  ;  and  all  this  loss 
bcu^g  ascribed  to  hydrogen  would  greatly  iocreaae  the 
proportion  of  it  obtained  from  such  an  analysis.  Bcp» 
aides,  from  an  experiment  of  Davy,  it  appears  that  the 
proportion  of  hydrogen  in  sulphureted  hydrogen  is.  in* 
significant  when  compared  with  tiha  sulphur;  for  he 
found  that  just  double  the  quantity  of  nitfous  gas  was 
necessary  to  convert  the  constituents  of  sulphureted  hy- 
drogen into  sulphuric  acid  and  water,  that  were  requi* 
red  to  convert  them  into  sulphurous  acid  and  water  *• 

Ether,  from  the  analysis  of  Crnikshanks,  we  fbuod  Compoi-- 
to  be  a  compound  of  hydrogen  and  carbon,  as  well  as  ^'^^^ 
the  gases  which  we  have  just  been  considering.  As  it 
contains  more  carbon  than  olefiaot  gas,  we  must  consi*. 
der  It  according  to  Dalton's  hypothesis,  as  composed  of 
two  atoms  of  carbon  and  one  of  hydrogen.  Its  sym* 
bol  will  be  ^^0®*     '^^^  analysis  of  it,  as  stated  in  a 


e  See  Section  III*  of  thti  Chapter,  p.  499. 
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^^^^\  preceding  page  of  this  Chapter  *,  does  not  Agree  wA 
this  statement ;  but  in  that  statement  no  corrcctioawa 
uitrodoeed  for  the  temperature,  because  CrnikshHlu 
did  not  specify  the  temperature  in  which  his  expoi: 
ments  were  made.  Mr  Dalton  has  since  repeated  Ae 
experiments,  and  according  to  his  eccount^  when  Ik 
proper  corrections  ar6  introduced,  the  ainnlysis  agiw 
very  nearly  with  the  supposition  of  its  being  eompoiri 
of  two  atoms  of  carbon  and  one  of  hydrogca.  Wi 
must  therefore  consider  it  as  composed  of  more  thanci|h 
parts  by  weight  of  carbon  to  one  of  hydrogen.  Tfai 
weight  of  an  atom  of  it  will  be  10.  But  the  analysuof 
Saussure  does  not  agree  with  this  conclusion. 

Thus  hydrogen  and  carbon  unite  in  three  proportieos» 
constituting  one  binary  compound,  namely  ol^fiamt  gat, 
and  two  ternary  compounds,  namely,  carlmreted  iydn^ 
gMf  composed  of  two  atoms  of  hydrogen  and  one  •( 
carbon  ;  and  itber^  composed  of  two  atoms  of  carboa 
and  one  of  hydrogen.  We  see  in  them  the  gradual  ef- 
fect of  the  carbon  ;  as  its  quantity  increases,  the  specific 
gravity  of  the  compound  increases,  and  ita  elasticitj  di- 
minishes, till  in  the  last  of  them  we  find  that  the  com* 
pound  is  no  longer  a  gas  but  a  vapour.  01e6ant  gss 
seems  to  be  the  most  intimate  compound  of  the  three. 
A  red  heat  decomposes  ether,  and  converts  it  into  defi- 
ant gas,  carbureted  hydrogen,  and  charcoal ;  but  upon 
the  two  others  it  has  no  effect  whatever. 

Sulphureted  hydrogen  is  the  most  intimate  of  the 
combinations  of  sulphur  and  hydrogen.  A  red  heal 
does  not  decompose  it.  Supersulphurcted  hydrogen  ii 
formed  directly  by  the  combination  of  sulphureted  by 

Page  49;- 
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.  dtagen  on  sulphur.     The  last,  however,  most  be  de-   «  ^     - 
prived  of  the  cohesion  which  usually  joins  its  particles 

_  together,  otherwise  the  combination  cannot  take  place. 

J  'When  sulphur  and  sulphurcted  hydrogen  are  united 
ifiiih  an  alkali,  and  suddenly  disengaged  by  an  add, 

^  tb«y  anite  at  the  instant  of  their  evolution.  This  is  the 
method  which  succeeds  best  in  obtaining  it. 

It  is  during  the  decomposition  of  water  by  the  com-  Forantitii 
pound  agency  of  an  acid  and  a  metal  united  to  sulphur,-  f^edli^ 

^  that  sulphureted  hydrogen  is  usually  formed.     In  thii  drag«Bi 

■'    case  every  thing  concurs  to  facilitate  the  combination. 

'  The  hydrogen  is  nascent,  and  the  sulphtir,  just  separated 
from  the  metal  is  not  restrained  from  uniting  with  the 
hydrogen  by  the  cohesion  of  its  particles ;  but  in  some 
rare  instances  the  sulphur  appears  to  have  the  property 
of  decomposing  water,  and  forming  at  the  same  time 
sitlphureted  hydroc^en  and  sulphuric  acid.  Thus,  when 
nitric  acid  is  poured  upon  the  sulphureted  oxide  of  man- 
ganese,  sulphureted  hydrogen  gas  exhales,  and  sulphu- 
ric acid  is  formed,  as  has  been  shown  by  Klaproth  and 
Vauquelin.  The  nitric  acid  in  this  case  seems  merely 
to  dissolve  the  metallic  oxide  and  disengage  the  sul- 
phur. Two  particles  of  sulphur  must  act  at  once  up- 
on two  atoms  of  water,  one  of  them  combining  with  all 
the  hydrogen,  and  the  other  with  all  the  oxygen.    l*hus. 


ses: 


.030  Sulphureted  hydrogen 
.  Q@Q  Sulphurous  acid 


The  formation  of  phosphureted  hydrogen  is  quite  ana-  Of  phoi. 
logous.     We  obtain  it  when  phosphorus  is  boiled  with  P^jrw^ 
a  liquid  alkali.    Water  is  decomposed,  and  phosphoric 
acid  and  phosphureted  hydrogen  formed  at  once.     The 
alkali  seems  only  to  act  by  retaining  the  phosphorus 
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ia  a  hetl  lufficieatly  high  to  fenaUt  it  lof 

ter.  .  The  ajmbolt  of  this  dcoomBOiitiaa.  niD  he 

Carbureted  hjdcogeo  it  diaaogafiid  wgfitmm^ 

hu^  s^gQated  watcr»  and  ia  abvioualj  jpM|Dead  ly  i|| 

potrefiiction  of .vqpuUB,iiiattv«    Mi;  DallepkJbaawf 

t  ingpniQinJy  f xplaiocd  iia  fioraiatioB*    avhaia  tfai 

,' ;  iadiaeopged,  two  pactideaof  tl  Jocwnpoa>  aii 

i    i  ^  atoipt.ff  water,  preoMclj  aa  ia  tho  tontmx  caMBflm 

o^e  ,umtot..with,  all  the  hjdrogeap  and  iha  other  widkdl 

^psffpm  so  that  botjti  earbontc  adfi  aodcubMBlrf 

hjidxiBgeQ  aie*  fonoed  together.    Tbo  foUoviag  willk 

the  sf  mhola  repreteotiog  thi$  deeompoailioa  £ 

wO. oso  c«i»uc^»«»A 

Oih.  Oils  have  a  very  strong  leataaiMaDoe  to  nlriant  gw; 

iodeed  thej  may  be  said  to  diflcr  only  ia  die  aMe.  Bf 
the  analysis  of  Lavoisier  they  ooght  to  conaialB  like  titt 
gas,  of  an  atom  of  hydrogen  joined  to  an  atwn  of  csr* 
hon.  Like  olefiant  gas,  theydepoaite  charcoal  when 
burned  with  an  under  proportion  of  Qzygea.  But  Ml- 
withstandiag  that  analysts,  it  is  extremely  pcobaUedMa 
they  are  of  a  more  complex  nature.  Their  little  vala. 
tility  would  indicate  a  much  greater  proportion  of  car* 
bon ;  while  the  tendency  which  they  have  to  absoib 
oxygen  would  indicate  the  presence  of  that  principle. 

All  the  compounds  of  hydrogen  and  the  solid  bases 
are  combustible.  Those  which  contain  carbon  give  tht 
greatest  proportion  of  light  during  combustiooy  and  ia 
these  the  quantity  of  light  increases  with  the  carboo. 
Carbureted  hydrogen  gives  the  least,  olefiant  gas  sdll 
more,  and  eiher  the  most  of  all.     This  deaervca  attea* 
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tion,  because  in  some  other  vapoars  and  gases  ii^hich  Chap.  IL^ 
ton  tain  carhon,  the  combustion  is  but  feeble ;  as  In  car- 
bonic oxide  and  alcohol,  both  of  which  onljT  burn  with 
a  blue  flame*  In  these  there  is  also  oxygen  present.  It 
IS  not  unlikelj  that  there  is  an  union  between  the  oxy- 
gen and  carbon^  and  that  this  is  the  cause  of  the  com- 
paratively  ]ittle**ligbt  emitted  ;  the  carbon  having  un- 
dergone a  kind  of  semi-combustion  before.  These  re- 
xnarks  are  not  contrary  to  a  positiod  given  in  a  former 
part  of  this  Work»  that  the  light  emitted  is  proportional 
to  the  quantity  of  oxygen  consumed ;  for  this  will  be 
found  to  hold  accurately  in  these  gases  and  vapours. 

6.  Azote  has  the  property  of  combining  with  carbon, 
phosphorus,  and  sulphur,  and  of  forming  gaseous  com- 
pounds not  yet  sufficiently  known  to  admit  of  exami- 
natioUi  Neither  can  any  remarks  be  offered  on  the 
combinations  of  hydrogen  with  the  metallic  bodies. 

IL  Though  the  compound  gases  be  more  numerous  Action  of 
than  the  simple,  we  are  acquainted  with  fewer  combi-  compound 
nations  into  which  they  enter  with  solids  ;  at  letfstif  we  Ud«. 
except  the  salts  which  the  acid  gases  and  nitrous  oxide 
form  with  the  alkalies,  earths,  and  metallic  oxides,  and 
tirhich  ammonia  forms  with  the  solid  acids. 

In  most  cases,  when  solids  act  upon  compound  gases, 
the  result  is  a  decomposition,  and  the  elements  of  the 
gas  combine  in  a  different  manner.  Thus,  nitrous  ox- 
ide, nitric  acid,  oxymuriatic  sicid,  and  hyperoxymuria- 
tic  acid,  are  decomposed  by  carbon,  phosphorus,  and 
sulphur,  and  by  many  of  the  metals.  Nitrous  gas  is 
decomposed  by  carbon  and  phosphorus  when  assisted  by 
a  sufficient  heat.  Sulphurous  acid  is  decomposed  by 
some  of  the  metals,  and  probably  by  carbon.  Carbon** 
Fol.  II L  M  m 


546 


COMBIKATION  OF  0ASES 


Ctfbonic 
acid  and 
charcoal 


Book  ni.    ic  acid  is  decomposed  in  certain  circumstances  by  phd* 
phorus. 

But  very  frequently  yolids  have  no  action  whatever 
upon  compound  gases ;  as  is  the  case  vnth  most  of  tk 
gaseous  compounds  of  carbon,  and  several  others.  I 
recollect  at  present  only  four  mstance  of  the  direct  cm* 
binatipn  of  a  compound  gas  with  a  solid  ftass ;  these  m 
the  following : 

It  has  been  shown  by  the  experiments  of  CruikshaBk% 
and  by  those  of  Clement  and  Desormes,  that  when  car. 
bonic  acid  is  passed  throngh  red  hot  charcoal,  it  is  coo- 
verted  into  carbonic  oxide.  But  carbonic  acid  being  a 
compound  of  two  atoms  of  oxygen  with  one  atom  of 
carbon,  and  carbonic  oxide  of  one  of  oxygen  with  one  of 
carbon,  it  is  obvious,  that  in  this  case  an  atom  of  car. 
bon  must  have  combined  with  every  atom  of  carfaooic 
acid.  The  experiment  is  of  difficult  explanation.  The 
acid  is  a  product  of  combustion,  while  the  oxide  is  t 
combustible.  This  would  lead  us  to  suppose  that  the 
superinduced  carbon  alone  is  susceptible  of  combustion, 
were  not  the  diminished  specific  gravity  inexplicable 
upon  any  other  supposition  than  the  union  of  a  new 
dose  of  heat. 

The  second  example  is  nearly  similar*  It  was  ascer- 
tained by  Scheele,  and  afterwards  by  the  experimentsof 
Clouct  and  other  French  chemists,  that  when  ammoni- 
acal  gas  is  passed  through  red  hot  charcoal,  prussic  acid 
is  formed ;  and  Berthollet  showed  that  this  acid  is  a 
compound  of  axote,  hydrogen,  and  carbon.  It  most 
therefore  be  formed  by  the  direct  union  of  ammonia 
with  carbon.  A  red  heat  indeed  decompoiws  ammonia; 
but  it  seems  the  presence  of  carbon  prevents  ihr  decom- 
position, and  enables  it  to  enter  into  a  combination  oi  a 


Ammonia 
aod  char- 
:oal. 


frita  sbDbs. 
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tfeoT*  intimate  nature.     It  hss  beer  supposed  by  some,   ^  Chap,  ir.^ 
that  prussic  acid  contains  oXygCn  ai  a  constituent ;  but    pcuuic  ■- 
the  very  high  temperature  in  which  ibe  union  lakca  "  ' 
place  renders  this  unlikely.     Fut  in  such  a  temperature 
oxygen  always  unites  with  carbon   or  hydrogen  tepa- 
ntely  by  combustion  -,  unless  we  are  lo  suppose  that 
'     the  oxygen,  before  its  union,  was  in  [hal  state  of  com- 
bination  which  consliiates  m  product.    But  in  the  present 
cue  there  is  no  product.    Water  cannot  be  suspected,  be> 
csuse  the  ejcperimenU  of  Rtchter  and   BudiMi  have 
shown  that  water  prevents  the  formation  of  prusuc  acid, 
snd  even  occasions  its  decoro position.      Pinsaic  acid, 
then,  seemi  to  be  a  triple  compound  of  one  atom  of  hy> 
drogen,  oneof  azote,  and  one  of  carbon,    Its  symbol  will 

be  S^P,  and  the  densLly  oC  an  atom  of  it  ID'S. 

Berthollet  ha;  shown,  that  when  prussic  acid  is  treat-  Oxrpnak 
ed  with  oxymuriatic  acid,  it  combines  with  oxjgm,  *'^ 
and  is  formed  into  a  new  compound,  which  he  has  cell- 
ed oxyprussic  acid.  The  least  heat  resolves  this  new 
acid  into  ammonia  and  carbonic  acid.  Hence  its  com- 
position is  obvious  :  Two  atoms  of  oxygen  must  have 
combined  with  every  atom  of  prusaic  acid,  and  render- 
ed  it  b  quintenary  compound-       Its  symbol  will    be 

A^JZ..      These  elements  seem  to  be  loosely  combi- 

ned  i  but  heat  makes  them  combine  intimately  into  am- 
monia and  carbonic  acid,  which  nnutiially  unite.  The 
most  singular  circumstance  attending  this  combination 
is  the  change  from  a  combustible  oxide  to  carbonic  acid 
without  any  combustion. 

The  third  example  coniists  in    the  combinalioD  of 
tnlptutreied  hydrogen  and  sulphur,  and  the  fomation 
Mm2 
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Bookm.    of  tupersulpbureted  hydrogen,  when  both  are  disengi* 
ged  together  from  an  elksli. 

Sulphureted  hjdrc^n  gas  has  the  property  of  dind. 
ving  phosphorus.     This  constltotes  the  fourth  exsmpk. 
Alcohol  Alcohol  is  a  liquid  which  is  known  to  be  compoied 

of  oxjgen,  hydrogen^  and  carbon.  The  eombnstioa  of 
its  vapour  proves  that  the  proportion  of  carbon  is  voy 
eonsiderable.  It  is  usoallj  formed  by  the  mutual  tc- 
lion  of  gluten,  and  what  is  called  saccharine  matter,  opoe 
each  other.  By  beat  it  may  be  resolved  into  varioos 
compound  elastic  fluids,  though  it  has  never  yet  bees 
£Mnned  artificially  by  uniting  them  together.  Various 
ophiions  have  been  entertained  respecting  the  compos* 
tion  of  this  fluid,  Mr  Daltoo  considers  it  aa  compotod 
of  three  atoms  of  carbon,  two  of  hydrogen,  and  one  of 

oxygen,  and  represents  its  compositlbn  thus 

liis  reason  is,  that  bypassing  it  through  a  red  hot  tnbc, 
it  may  be  converted  into  carbonic  oxide  and  olefiant  gai. 
With  me  this  has  never  been  the  case  ;  there  has  sir 
ways  been  a  deposite  of  a  fetid  oil. 

No  conjectures  in  the  present  state  of  the  science  cad 
be  ofiered  on  the  composition  of  the  combustible  acids, 
and  far  less  of  the  animal  and  vegetable  substances  io 
general.  Many  of  these,  however,  are  not  now  beyond 
the  reach  of  chemical  analysis* 
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CHAP.  III. 


OF    LIQUIDS. 


JIt  has  beei\  sufficiently  ascertained  that  the  state  of 
nost  bodies  depends  upon  tetnperature ;  ihat  solids  may 
be  converted  into  liquids  by  heating  them,  and  Hquids 
into  solids  by  cooling  them.  This  state  of  solidity  or 
liquidity  has  a  considerable  effect  upon  the  combinatioii 
of  bodies  with  each  other.  At  the  medium  temperatpre 
of.  the  atmosphere  seme  bodies  are  always  solid ;  others 
always  liquid.  As  it  is  usually  in  that  temperature  that 
they  are  employed,  they  have  received  from  it  their 
characteristic  name ;  those  bodies  only  being  called 
liquids  which  are  liquid  under  the  medium  temperature 
of  the  air.  We  shall,  in  this  Chapter,  after  a  few  intrd^ 
ductory  remarks  on  the  constitution  of  liquid),  consider 
how  far  the  state  of  liquidity  affects  the  union  of  these 
bodies  with  each  other,  and  with  solids.  The  subject 
thus  divides  itself  into  three  heads. 

1.  The  constitution  of  liquids. 

2.  The  combination  of  liquids  with  each  other. 
3*  The  combination  of  liquids  with  solids. 

Tbf  se  are  treated  of  in  the  three  following  Sections, 
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SECT.  I. 


OF  THE  CONSTITUTION  OF  Z-K^TIBS. 


Pdinitioik  Pi  XWTON  has  defined  zjbiid  to  be  a  body  wbose  p«t| 
yield  to  any  force  impressed  upon  them,  however  smtlli 
and  which  thus  move  easily  among  each  other*.  Ob- 
jections have  been  made  to  this  definition,  but  no  bet- 
ter has  been  substituted  in  its  place.  Fluids  have  beta 
divided  into  two  classes  ;  namely,  l.  Those  which  are 
tloJtic,  or  diminish  in  bu)k  according  tq  the  pressure, 
but  recover  it  again  when  the  pressure  is  reqioved;  and, 
$•  The  noft'elasiic,  or  those  lyhich  do  not  sensibly  di- 
minish in  bulk  when  pressed  upon.  The  first  class  are 
called  airs  or  gases  ;  the  second,  liquids. 

1.  A  liquidy  then,  is  a  fluid  not  sensibly  elastic,  the 
parts  of  which  yield  to  the  smallest  impression^  and 
move  upon  each  other  ;  but  we  are  not  acquainted  with 
any  perfect  liquid.  The  particles  of  all  of  them  oppose 
a  sensible  resistance  to  an  impressing  force,  or  have  a 
certain  degree  of  viscidity. 

CvBM  of  Very  little  progress  has  been  made  in  ascertaining 

^'  the  formal  cause  of  fluidity .  Some  have  supposed  that 
the  atoms  of  liquids  consist  of  very  minute  spheres  fine- 
ly polished.  But  this  hypothesis  alone  woulid  not  ex- 
plain the  mechanical  properties  of  liquids.    Others  have 


*  Fluldum  est  corpus  omoet  cujas  partet  cedunt  vi  cuicusqueilUts,ct 
eedcndo  facile  moTcntur  inter  le.    Prineifh,  Lib.  ii.  Sect.  5. 


OF  LIQJIim.  5Si 

concluded  that  the  difference  between  solids  and  liquids    Q'^r*^*'^ 
depends  upon  the  particles  of  the  latter  being  constant- 
If  in  motion,  while  those  of  the  former  are  at  rest. 
But  this  hypothesis  is  equally  inconsistent  with  the 
phenomena. 

It  is  very  evident,  from  the  facility  with  which  the 
particles  of  liquids  move  among  each  other^  that  they 
must  meet  with  little  or  no  resistance  from  their  own 
]>artic1es ;  while  the  property  which  they  all  have  of 
collecting  into  drops,  shows  that  they  all  act  upon  and 
attract  each  other.  Hence  it  follows,  that  the  particles 
4»f  liquids  must  have  such  a  figure  that  they  may  move 
freely  among  each  other  without  altering  their  mutual 
action,  or,  which  is  the  same  thing,  their  relative  distan- 
ces from  each  other.  Mathematicians  have  demonstra- 
ted that  this  property  belongs  to  spheres.  Hence  it  has 
been  concluded,  that  the  particles  of  liquids  are  sphedU 
cal ;  and  that  viscidity  is  owing  to  the  want  of  perfect 
sphericity. 

2.  The  most  important  mechanical  properties  of  li- 
quids depend  upon  this  mobility  of  their  particles,  in 
consequence  of  which  they  propagate  pressure  in  all  di- 
rections. But  the  consideration  of  these  |>ropertie8  be- 
longs to  the  sciences  of  hydrostatics  and  hydraulics. 

3.  The  particles  of  liquids  cohere  together,  as  well  as  Liqnidt 
those  of  solids,  and  there  is  a  considerable  difference  be^  cohere 
tween  this  force  in  different  liquids.     Thus  the  cohe- 
sion of  mercury  is  much  greater  than  that  of  water. 

The  reason  why  this  cohesion  does  not  prevent  the  par- 
ticles of  liquids  from  separating  like  those  of  solids,  is 
the  mobility  of  those  particles  without  changing  their 
relative  distances.  Hence  they  obey  the  action  of  gra- 
sritatipn,  sliding  upon  each  otber^  so  that  the  number  pf 
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Book  IIT.  particles  which  support  the  cohesion  is  CDotionalj^ 
xninishing  till  it  becomes  too  weak  to  resist  the  of|| 
sing  force.  As  the  cohesion  of  liquids  does  not  prnti 
the  motion  of  the  particles  of  which  the j  aie  poapos^ 

it  offers  no  resistance  to  their  combinatioa  with  ehr 
bodies ;  excepting  in  as  far  as  that  cominnacion  m&jiai 
to  alter  the  relative  distances  of  the  particles  oC  daL 
quid,  or  the  form  of  these  particles. 
^bLe!^^  4.  Though  liquids  are  not  sensibly  compresicdbjih 

application  of  an  external  fbrce^  or  bj  their  own  wdgh^ 
like  gases,  it  has  been  ascertained   that  thej  experiott 
a  certain  diminution  of  bulk,  which  mav  be  made  so. 
sible  by  a  proper  apparatus.      Mr  Canton  found,  iai 
set  of  experiments  which   he  made  on  the  subject,  tku 
when  liquids  were  freed  from  the  pressure  of  the  atoiOi 
Sphere,  they  underwent  a  certain  expansion^  and  vim 
proportionally  compressed  when  the  pressure  of  the  at. 
mosphere  was  doubled.     The  following  Table  exKibia 
the  increase  of  bulk  experienced  by  the  several  liquidi 
tried  by  tliat  pliilosopher,  \vh<n  the  pressure  of  the  at- 
mosphere  is  removed  by  placing  them  in  the  vacuum  of 
an  air-pump,  or  the  diminution  of  bulk  when  subjected 
to  the  pressure  of  a  double  atmosphere  *. 

Mercury 0*000003 

Sea  water 0*000040 

Kain  water 0-00004C 

Oil  of  olives 0*000048 

Spirit  of  wine O'OOOO(>0 

It  must  be  owned,  that  these  experiments  are  liable  to 


*  riii.  Trans.  ToU.  lii.  and  liv.     Not  haring  thcie  volumrt  at  hard, 
'  have  Quoted  the  tabic  frcm  Cavdlla*i  X«/»rd/  Pirthsfffyf  \L  23. 
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ne  objections;  but^  all  things  coosickred,  it  would  be    Cltt|i.]I]; 
Ecult  to  explain  them  without  supposing  the  com- 
sssibilitj  of  liquids^  espcciall j  as  Zimmerman  repeats 
some  ot  the  experiments  in  a  different  waj,  and  ob* 
ned  a  similar  resoltf 

5.  The  liquids  taken  individually  are  nnmeroua;  hut 
many  of  them  constitute  classes  of  bodies  possessed 
similar  properties,  they  may  be  taken  collectively, 
d  in  that  point  of  view  the  number  is  not  great.  The 
[lowing  Table  exhibits  a  list  of  almost  the  whole  of 
exn,  arranged  according  to  their  cd<nposition« 

1,  Mercury.  ^^ 

IJ.   COHPOUVD* 

a.  Simple  gases  combined. 

2,  Water. 

3,  Nitric  acid. 

&  Gases  with  a  solid  base. 

4*  Sulphuric  acid. 
5*  Alcohol. 
0.  Ethers. 

7.  Volatile  oils. 

8.  Fixed  oils, 
g.  Petroleum. 

:|0.  Supersulphuret  of  hydrogen* 
11.  Oxy muriate  of  tin. 

c.  Solids  combined. 
)2.  Phosphuret  of  sulphur. 


554  coKftTiTUTioir 

^Booklil.^       0.  If  we  were  to  exclude  mercury  from  the 

list,  then  all  the  known  liquids  would  be  cottpulB  ^ 
The diffcrcncesamong  their  specific  grmTitiei,dM|«^H  A 
be  very  small  when  compared  with  that  wbidi 
among  gases  and  solids.  The  following  Taldecdlk] 
a  view  of  their  specific  gravities  respectivelj, 
temperature  of  GO^,  that  of  water  being  luppoied  VUL I   ^ 


Liquids.  Specific  Cam^ 

pcirtpcei-      Water 1*000 

fie  gnvttx. 

Ethers 0-632  to  0*9Q 

Petroleum • 0*730  •••  OT 

Volatile  oils 0*702  ...  l*Oi 

Alcohol 0*704  —  — 

Fixed  oils , 0*013  ...  O'lM 

Supersulphureted  hydrogen*.. «-        — 

Nitric  acid 1*583 

Sulphuric  acid 1*885 

Phosphuret  of  Sulphur .••••     — 

Oxymuriate  of  tin .  •  • — 

Mercury 4  ••...••••  •  13*508 

7.  This  dilTcrence  in  the  specific  gravity  of  liqnidl 
must  be  either  owing  to  a  difference  in  the  density  of 
the  atoms  of  which  they  are  composed,  or  to  a  difference 
in  the  distance  of  the  atoms  which  constitute  each  liqnid 
from  one  anoiher.  Probably  both  causes  contribute; 
but  tlie  last  in  the  most  powerful  manner. 
l^enMty  of  By  ^^^^  application  of  Dalton's  hypothesis  respecting 
their  mtonu.  ^j^g  combination  of  atoms,  we  deduced,  in  the  preceding 
Chapter,  the  weight  of  the  atoms  of  several  of  these  [li- 
quids. The  following  are  the  symbols  of  their  com- 
position, and  the  numbers  representing  the  weight  of 
r:.cli,  acccrding  tojhat  hypothesis  j 
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99  r.        CocMtioiemt.  Dcnaity. 

[t 

■ 

.^py^  Water 7 

;yy^  Ether  (sulphuric) 10 

Alcohol 21-5 

Supersolphureted  hydrogen  •  ^  .  14 
Nitric  acid IT 

"^PO  Sulphuric  acid 31 

-  _   8.  It  has  been  demonstrated,  that  the  particles  of  li* 
'    nidi  owe  their  liquid  form  to  their  combination  with 
I .  leat ;  that  they  are  all  compounds  of  heat  with  a  solid 
^  Mise.     They  differ  essentially  from  those  of  gases  in 
wanting  that  elasticity  which  is  produced  by  the  mutu- 
al repulsion  existing  between  the  particles  of  gases. 
nrhe  particles  of  liquids,  instead  of  repelling,  cohere  to* 
^ther,  and  oppose  a  certain  force  to  their  farther  sepa* 
ration.     This  cohesive  force  bears  a  relation  to  the  den- 
titf  of  liquids,  and  to  the  difficulty  of  converting  them 
into  steam  or  vapour ;  and  indeed  seems  to  depend  upon 
these  two  things.     We  may  conceive  with  Boscovich, 
that  the  atoms  of  liquids  are  placed  in  the  limit  between 
attraction  and  repulsion.     Their  atoms  cannot  be  forced 
nearer  each  other  without  experiencing  a  repulsion  from 
the  increased  action  of  the  combined  heat ;  they  cannot 
he  separated  farther  without  experiencing  an  attraction, 
from  the  diminished  action  of  the  combined  heat,  com- 
pared  with  that  of  the  attracting  particles.     The  di« 
stances  of  the  atoms  are  so  regulated,  that  the  attraction 
and  repulsion  by  which  they  are  at  once  actuated  just 
balance  one  another ;  while  their  form  is  such,  that  they 
:an  move  freely  among  each  other  without  altering  these 
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distances.     It  is  ibii  which  seemt  to  cMtiitDtt  i 
cause  of  fluidity'. 

The  greater  number  of  liqaids  contaioMM 
ingredient ;  it  give*  liquidity  to  a  va«  mnnba « 
bodies.  But  it  li»  not  been  contended  ihtt  i 
fence  of  water  iicucTitial  lo  liquidity,  u  i| bull 
■p«ciing  the  gascoui  state  of  bodies. 


OF  THE  ACTION   OP  LIQUIDS  ON   EACH  Oil 

Whew  liquid  bodiei  are  mixed    rogeth«r,  ll 

Vinous  ways  according  lo  the  nature  of  the  v 

employed.     1.  Somt  Jisnivt each  othtriata' 

tion,  as  happens  when  most  of  the   gases  ar 

■2.  Some  unite  in  certain    determinate    proper 

Some  do  not  act  stnsibly   upon    each    other; 

paraiing  again,  though    mixed   ever    $o    care 

While  some  decompose  each  other.      We  aha 

Scaion,  take  a  view  of  these  different  niodes  t 

Liquidi  ^-  The  following  Tabic  exhibits  a  liit  of  tl 

wki^niiT     which  may  be   mixed  together  in  any  propon 

in  inj  pro-    which,  when  once  mixed,  do  not  afterwards 

'"""*■        spontaneously. 

Water  with  a!cohol 
Mir^f  ^»<  1        -.    nitric  acid 
■^ft  hA  .•■■  sulphuric  acid 

'•^"*"  ATcoflol  with  ethec 

Sulphuric  acid  wJlh  nitric  acid 
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^^^^.   Fixed  oils  wttii  petroleum  ctaf,  UL 

^^^L  '    ■  * 

^^^^B  fixed 

^^^^^  Volatile  oils  with  petroJeum 
^-         -  volatile  oils 

r'^^tt-.  When  the  liquids  contuined  in  the  preceding  lui 

■^      brought  inio  contact,  thc)^  gradually  and  slowly  pe- 

P^rV^Vate  each  other,  and  each  at  lengih  distributes  il«lf 

'^■Jjlly  through  the  mixluie:    so  that  if  any  portion 

^"kkaiever  of  the  compound  be  taken,  it  will  contain  c- 

"^■■al  proportions  of  both  ingredients.     The  dlfiiEretice  of 

'^Acific  gravity  dot^s  not  prevent  this  uoifoTin  mixture, 

^^^tough  it  hns  considerable  influence  upon  the  time  which 

dkpseii  before  it  is  completed.     If  the  densest  liquid  be 

ippernioM,  the  miilurc  is  very  rapid  ;  bm  if  it  be  un- 

ihe  combination  is  exceedingly  slow  :  weeks 

^  -^K  even   monihit  elapsing  in  many  cases  before  it  ii 

^  iB«empletcd.     Agitation   produces  a  sensibly  equal  mix- 

^.IDK  in  a  )eiv  minutes  \   though    there  is  reaton  to  be- 

|k:)licve  that  ii  is  not  so  intimate  at  first  as  ii  becomes  af- 

tte  ^erwards.     The    partial  opacity    or   muddioess  which 

«f  t^es  place  when  water  and  alcohol,  water  and  sulphuric 

!^  »cid,  are  first  mixed,  is  a  proof  of  this.     It  is  even  »td 

^    1>7  Bome  lliat  the  density  of  a  raix'urc  of  sulphuric  acid 

^    luid  water  incrcaMrd  somewhat  by  keeping  it  for  •ome 

jl     dftys.     JBut  when  the  two  liquids  arc  well  agitated,   I 

tlBve  not  been  able  lo  perceive  any  such  increase,  though 

say  balance  was  suiScicnily  delicate  to  have  detected  att 

increase  not  exceeding  --c'^mth  part. 

3.  When  the  two  liquids  have  been  once  thoroughly  p^^  ^^^ 
mixed  either  by  agitation  or  long  contact,  they  present  niaecBdam 
all  the  appearancesofahomogeoeous compound,  and  do  P™™^ 
iMt  afterwards  separate  from  each  other.     To  [bit  gf^ 
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Book  TIT.    neral  law,  however,  there  mre  fomc  €xeefim\ 
I  presume  onljr  apparent  ones.     Wlieo  tmm 
are  kept  in  ull  vessels,  it  is  wdl  koowi  the 
tion  at  the  top  of  the  venel  is  often  qKotolfl 
than  that  at  the  bottom.    If  n  glass  bnbbk^ 
speci6c  gravity  of  sach  spirics  be  throws  i 
sel,  it  always  rests  at  a  psrticnler  pert, 
tion  of  liquid  above  is  lighter,  whik  tbatbds*iiH.l 
vier  than  the  bubble.    It  has  not  been  coindf 
tained  that  this  difference  in  specific  grsvitj 
in  spirits  that  have  been  thoroogfaly  agitated.  I 
not  observed  such  a  separation  when  the  dnU 
strong.    If  it  always  takes  place  in  weak  akdhd,fti 
dicates  a  disposition  in  that  liquid  to  tmiteviil 
only  in  certain  proportions.     Sulphuric  addiinl 
"  have  exhibited  the  same  separation.    I  pcenuneA 

have  been  the  sulphuric  acid  of  eommeroei  isM 
some  saline  bodies  are  always  dissolved,  or  ntei 
pended,  and  these  collect  often  in  sensible  qatsUDe 
the  bottom  of  a  tall  vessel  filled  with  that  acid. 

4.  The  union  of  liquids  with  each  other  is  loooi 
nicd  by  the  evolution  of  heat,  and  by  a  certain  i 
of  condensation  ;  for  the  specific  gravity  is  always 
er  thnn  the  mean.  The  heat  evolved  is  very  ooi 
able  when  water  is  mixed  with  sulphuric  or  nitri 
nnd  likewise  when  sulphuric  and  nitric  acids  are 
together.  It  is  very  sensible  when  alcohol  and 
are  mixed  ;  but  in  the  other  cases  it  has  not  be 
served.  The  condensation  seems  to  keep  pacew 
evolution  of  the  heat,  though  from  the  expcrime 
therto  made^  the  two  do  not  seem  to  be  proportio 
each  other.  Both  vary  with  the  proportions  of  i 
^uids  mixed ;  but  the  condensation  seems  always 


The  union 
accompaiii- 
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and  condcn' 
tation. 


tioo  of  mI- 
^oric  ictd 
and  water 
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the  liquids   are  mixed  in  equal  quantitieSp    Chap-IU. 

lis  is  not  always  the  case  with  the  beat  evol- 

as  the  mixture  of  sulphiu'ic  add  and  water 

ottest  when  one  part  of  the  water  is  poured 

)arts  of  acid* 

lowing  Table  exhibits  the  increase  of  density 

es  place  when  sulphuric  acid  of  the  specific 

00  is  mixed  with  various  proportions  of  wa- 
ighty  calculated  by  Mr  Kirwan  from  his  own 
its: 

Increue 
Salph.  Acid.     Water.  of  Oentity* 

5 95 0*0252 

10 go 0-0679 

15 85 0*0679 

20 80 0-0856 

25 75 0-0999 

30 70..^ 0*1119 

35 65 0-1213 

40 60 0*1279 

45 55 0*1319 

50 50 0*1333 

Table  we  see,  that  when  equal  parts  of  sul- 
Id  and  water  are  mixed,  the  deositj  is  incret«> 
;  per  cent.     Mr  Kirwan  likewise  ascertained^ 

1  equal  parts  of  water  and  nitric  acid  of  the 
ravitj  1*5543  are  mixed  together^  the  increase 
'  is  equal  to  Vr^b  of  the  whole  weight.  From 
iments  of  Lowitz,  we  learn  that  the  specific 
f  a  mixture  of  equal  weights  of  water  and  pure 
s  -917.  It  ought  to  be  onlj  *886,  being  w 
oi  density  of  more  than  -ri-th  of  the  whole* 
;ase  of  density  is  probably  still  greater  when 
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Book  HT.^   alcohol  and  ether  are  united  together ;  hot  no  exact  set 
of  experiments  has  been  oiade,  either  to  asoertab  tk 
condensation  in  this  case,  or  when  the  oils  are  iniid 
with  each  other  and  with  the  petroleuniy  or  when  mat 
and  sulphuric  acids  are  mixed  together. 
liqnultdb-       5*  Thus  it  appears  that  the  union  of  these  liqmdi 
■^ctch     ^j^jj  ^jj^l^  other  presents  every  thing  which  charaaer- 
izes  a  chemical  combinttioo.     The  density  inaon^ 
hett  is  evolved,  the  mixture  becomes  perfectly  oniforn 
in  every  part,  the  liquids  do  not  separate  spontancoadf, 
and  the  separation  can  only  be  accomplished  by  mciBi 
purely  chemical.     We  must  therefore  consider  it  v  i 
case  of  chemical  affinity.    As  the  change  of  the  pre* 
perties  is  much  less  remarkable  when  liquids  unite  wiih 
each  other  than  in  many  otlier  componnda,  as  the  com- 
bination takes  place  but  slowly,  and  as  the  coosdtootti 
may  in  general  be  separated  again  by  n  distilling  bo^ 
it  is  obvious  that  the  affinity  which  unites  themisonidi 
feebler  than  in  many  other  combinations.     Hence  Bcr* 
thoUet  has  given  it  the  name  of  dissolution  ;  a  term  nn« 
der  which  he  has  classed  a  variety  of  feeble  combioi- 
tions. 
likegtiet'        This  dissolution  of  liquids  by  each  other  ia  extctlj 
similar  to  the  mutual  dissoliHtion  of  the  gaaes.     It  ma? 
seem  at  first  sight  remarkable  that  it  is  not  as  genenl 
among  liquids  as  among  gases :  but  there  is  this  great 
difference  between  the  state  of  gases  and  liqnids,  that 
the  particles  of  the  latter  cohere^  and  therefore  oppoK 
the  admission  of  foreign  bodies  among  them  ;  whereat 
this  is  not  the  case  with  the  gases.     It  seems  to  be  ibii 
cohesion  chiefly  that  occasions  the  difference.     Hence, 
probably  the  reason  why  those  liquids  that  approach 
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nearest  to  each  other  in  their  properties  dissolve  eaeh   .Chip,  ili 
other  most  readilj. 

II.  The  foUowitig  Table  exhibits  a  list  of  the  liquids 
that  unite  with  each  other  only  in  certain  proportions: 
Water  with  ether 

volatile  oils 
sulphnr^t  of  carbon 
ozymuriatB  of  tin 
Alcohol  with  volatile  oils 

petroleum 

supersolphureted  hydrcigen  ? 
phoiphoret  of  sulphur  ? 
Ether  with  volatile  oils 

petroleum 
Volatile  oils  with  petroleum 
1;  The  experiments  hitherto  made  upon  the  solutions 
of  liquids  hj  water,  alcohol,  ether,  and  volatile  oib,  are 
not  sufficiently  numerous  nor  precise  to  enable  us  to 
alate  the  exact  proportions  taken  up.  We  know,  how- 
ever, that  tbey  are  limited,  and  that  every  substance 
has  a  degree  of  solubility  peculiar  to  itself. 

Water,  from  the  experiments  of  Lauraguais,  dissolves 
.^V^h  of  its  bulk  of  su^buric  eibtr.  There  is  reason  to 
believe  that  the  proportion  ii  not  so  great.  Tht  eAer 
tried  must  have  contained  aldohol ;  as  chemists,  at  the 
time  Lauraguais'  experiments  were  made,  were  not  in 
possession  of  a  method  of  separating  the  two  liquids. 
Now^  whenever  ether  containing  alcohol  is  mixed  With 
water,  a  very  considerable  proportion  of  the  alcohol  is 
taken  up  without  injuring  the  solubility  of  the  ether. 
Volatile  oils  are  soluble  in  very  minute  quantities 
rol.  III.  N  n 
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Mljbfimtcr.    ThejroflNmaicsl»lb0ir«dMcliiy 
liquid,  but  tcarcelj  any  ether  of  their-prapeflM. 
' .  Il  «ity  flpptar  |Mrhipi^>it<iMl  flj^glriiHModlnitttlBK 

Scnr"^  iDchided^psyminwceof  «i  in4lM-tdble^  wAolifA 
tUte  of  this  salt  maj  be  aseribfiito^vMec-i^Battee 
is  reason  to  beliere  tbat>Ae  Analog  liqaor  of  likmi 
contains  ^ery  little  watCipJ«ai:t|iBl»  like  pboaphmttf 
sulphur,  it  owes  its  liqoiAilBtetotlBe  aatPie  of  thecs^ 
binatioo  of  its  constitotfass-^iiii  mA  otbe#.  These  ii 
no  other  salt  which  exactly  lesens^les  it  in  this  ies|isct; 
but  several  other  oxynuriales  approoch  it,  as  thefsMr 
•fatUmonyf  S&c« .  Oaji  iiaiiiiiis  of.  do  is  copuMe  of  as- 
ting  wi(h  any  portion  wlwtevcr.of  irale9|  lilt  water 
unites  only  with  a  deterahiale  potticptof  the  suit.  Afa 
ascertained,  that  when  5ft  partsbyieeightof  kMinusi 
ezymnriale  are  siized  with  7  of  waier,  tbe  two  liqniii 
combiDe  and  tatm  a  solid  niass*  These  we  auy 
aider  aa' the  proportions  which  oonatitete. the' bums 
mate  .oombtnation  of  these  bodies^  We  have  here  sa 
instance  of  water  diminishing  the  solubility  of.  hodici 
in  consequence  of  the  increase  of  ooodeeaatioo  which  it 
produces  \  for  the  liquid  ozymuriate  ia  not  neatly  so 
▼olatile  as  the  fuming  liquor-  There  are  amy  iostaa- 
cea  of  the  same  kind :  Thus  very  stroBg"  nitric  odd  ii 
more  volatile  than  what  is  moderately  strong. 

8.  Alcohol  dissolves  aconsiderahlci  pgeporlion  of  the 
.volatile  oils ;  but  the  quantity  of  each  is  limitad  and  pe- 
cmliar.  The  quantity  of  petroleum  which  it  diasolics 
is  amalL  1  do  not  know  the  e£Fect  of  thia  liquid  aaao 
the  two  other  substances  contained  in  the  table  ;  th^ 
have  been  placed  here  merely  from  analogy. 

The  action  of  ether  on  volatile  oils  and  petiokum  b 
considerable. 
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3.  The  tffinilj  of  this  second  set  of  liquids  for  each  Chap.HL 
other  seems  to  be  weaker  than  that  which  exists  be- 
tween  the  liquids  which  unite  in  tU  proportions^  for  the 
latter  generally  decompose  the  former.  Thus,  if  alco« 
holy  holding  a  volatile  oil  in  solution,  be  poured  into 
water,  the  greatest  part  of  the  oil  separates,  while  the 
alcohol  unites  with  the  water. 

It  seems  to  be  the  weakness  of  the  affinity,  together 
with  the  difference  between  the  cohesion  of  the  particles 
of  the  two  liquids,- which  lioiits  the  combination  to  cer- 
tain proportions. 

III.  The  liquids  which  do  hot  sensiUy  combine  in  L^«<|in^ 
any  proportion  are  not  numerous.  The  following  list  blr  oa  mek 
comprehends  the  most  remarkable  of  them : 

Water  with  petroleum  ' 

fixed  oils  ' 

supersulphnreted  hydrogen ' 
Fixed  oils  with  alcohol 

ether 
'  Mefcury  with  w^ter 

alcohol 
•'.•'*'  ether  - 

•  Tolatile'oils 
petrolenm 
The  action  of  liquids  upon  each  other  has  been  explain* 
cd  by  Berthollet  in  a  very  satisfactory  manner.  When 
the  affinity  of  two  liquids  b  not  sufficient  to  counterba* 
lance  the  cohesion  between  the  particles,  or  the  difer* 
cnee  in  the  specific  gravity  of  eadi^.then  they  cannot 
combine.  In  these  cases,  'however,  tbey  sometioies  ex- 
hibit a  degree  of  affinity,  though  not  sufficiently  strong 
to  produce  combination.    Thus  oil  spreads  itself  upon 

Nn2 
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Book  III .^   the  surftce  of  wtteti  tnd  edheret  ta  it  ss  water  doo  to 
a  ftolid  ^. 
^^S^tH!:       IV*  When  t  liquid  has  a  marked  dfiaity  for  ooe  « 
each  ochflr.    more  of  the  constituents  of  a  liquid  in  a  separata  sUi; 
but  not  for  the  liquid  itself,  it  often  happens,  if  Ac 
densitj  of  the  liquid  be  not  yeiy  great,  that  it  decom- 
poses  it,  and  forms  new  compounds  with  ita  ccmstifeBOMii 
The  following  Table  contains  a  list  of  the  principilfi. 
quids  which  decompose  each  other* 
Water  by  phosphuret  of  sulphur 
Nitric  acid  bj  all  the  liquids,  except  water  and  ni. 

phuric  acid 
Sulphuric  acid  bj  all  the  liquids,  except  water  tni 

nitric  acid 
Phosphuret  of  sulphur  graduallj  decomposes  watery 
sulphureted  and  phosphureted  h jdrogen  exhale,  and  oo 
doubt  sulphuric  and  phosphoric  aeids  are  formed.  The 
decomposition  is  greatly  facilitated  bj  a  high  tempers. 
tare.  This  aurious  decomposition  seems  to  be  theefict 
of  the  action  of  a  particle  of  the  phosphuret  upon  two 
atoms  of  water  at  once. 

The  decompositions  produced  by  nitric  and  suljAa- 
ric  acids  are  very  curious ;  but  they  are  all  too  compli. 
cated  to  admit  of  a  satisfactory  explanation  in  the  pre- 
sent state  of  the  science. 

V.  When  solid  bodies  are  brought  into  a  liquid  state, 

either  by  heat  or  any  other  means,  their  action  upon 

Action  of      each  other  is  similar  to  that  of  common  liquids.     It  is 

fieri.    ^^"^*    modified  by  the  degree  of  affinity :  some  such  liquids 

nrfiting  in  all  proportions,  as  most  of  the  metals,  the  so* 
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lid  oils,  resins,  &c* ;  some  onlj  in  certain  proportions,    Cliap.nT. 
as  tin  and  iron,  lead  and  iron,  and  different  salts  ;  some 
refusing  to  combine,  as  zinc  and  cobalt,  bismuth  andco. 
bait ;  and  some  decomposing  each  other,  as  nitre  and 
sulphur,  nitre  and  phosphorus. 

The  proportion  of  the  ingredients  which  enter  into 
combination  is  in  these  cases  affected  not  only  hy  the 
afSnitj,  but  by  the  tendency  of  the  new  compound,  oi- 
4iny  of  its  parts,  to  assume  the  solid  state. 


SECT.  III. 

OF  THE  COMBINATION  OF  LIQJTIDS  WITH  SOLIDS. 

JIv  treating  of  the  combination  of  liquids  with  solids, 
we  inaj  exclude  three,  on  accoimt  of  their  circumscribed 
action,  and  the  want  of  correct  experiments  respecting 
them  •  These  ate  su^4ulpbur£ted  hydrogen^  pbospburet 
^  sulfbur^  and  oxytnwriate  of  tin.  Upon  these  liquids 
I -have  no  remarlu  to  offer.  There  are  two  others 
which  act  with  great  energy  upon  many  solids  ;  but  as 
their  mode  of  action  is  precisely  similar  to  a  class  of 
bodies  which  will  come  under  our  copsideratioa  in  the 
next  Chapter,  we  shall  defer  the  examination  of  them 
till  we  come  to  treat  particularly  of  the  action  of  the 
acids.  These  two  are  su^bwic  and  nifrif  acids.  Seven 
liquids  only  remain,  namely. 

Water  Eiher 

Alcohol  Petrojeuqi 
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Book  IIL  Volatile  oils  Mcrcory 

Fixed  oils 
Of  these  seven,  the  tctioa  of  the  first  is  hj  far  the 
general,  and  has  been  most  dosel  j  cxAinined.  We  Ad 
consider  the  action  of  this  liquid  in  the  first  place:  k 
few  observations  will  suffice  for  the  rest. 

Water.  L  Water  has  an  affinity  for  a  very  greet  nnahBiE 

bodies,  and  iu  presence  in  general  greatlj  feoililatcsAt 
action  of  substances  on  one  another.  Hence  it  is  alasi 
always  indispensable  when  artificial  combinations  or  de- 
compositions are  to  be  produced. 

1.  Water,  as  has  been  already  observed  in  a  former 


two  mMUt,  P^^^  ^f  ^^1'  Work,  has  the  property  of  entering  into  tvo 
different  kinds  of  combinations  with  solid  bodies.  Is 
the  one  species  the  compound  continues  solid,  in  the 
other  it  becomes  liquid.  In  the  first  species  the  propor- 
tion of  the  solid  ingredient  is  greater  than  that  of  the 
liquid  :  Hence  the  cohesion  of  its  particles  is  not  de* 
stroyed.  In  the  second,  the  proportion  of  the  liquid 
exceeds  the  proportion  of  the  solid :  Hence  it  gives  iu 
peculiar  state  to  the  compound. 
X.  Hydrate.  '^  <>  the  first  species  of  combinations  Proust  has  girea 
the  nantc  of  hydrate,  A  hydrate  is  a  compound  of  s 
solid  body  and  water,  still  retaining  the  solid  state.  The 
following  solid  bodies  are  capable  of  entering  into  this 
combination  wirh  water. 
Tableofhy.  !•  Sulphur.  The  hydrate  is  a  very  pale  sulphur  yel- 
dratcs.  ]^^  powder,  usually  called  /ae  sulpburis.      Native 

sulphur  is  often  in  this  state. 
2.  Metallic  oxides.     The  hydrates  of  these  bodies  are 
powders  remaikable   for  the  inti'nsity  of  their  co- 
lours.     They  have  usually  a  strong  taste,  and  are 
r*asi1y  acted  upon  by  acid  or  alkaline  solutions* 


6J.. 
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•   The  earths.     These  hydrates  are  powders,  and  in    Chap,  ir, 
some  cases  crystals* 

••   The  fixed  alkalies*     The  hydrates  of  these  bodies 

Utt  what  are  asaally  termed  the  crystals  of  alkalies. 

All  the  acids  which  may  be  exhibited  in  a  solid  state;  . 

which  is  the  case  with  the  whole  of  that  class  of 

bodies  except  13*      The  hydrates  of  these  bodies : 

mre  what  are  usually  called  the  ^tytialUzidaeulim 

S«  All  the  class  of  salts.     I  do  not  know  that  any  ex* 

>    -  ception  exists :  every  salt,  as  far  as  known,  is  capa- 
ble of  uniting  with  water  in  a  solid  state.    The  hyi* . 
dratesof  the  salts  are  the  jokm  ciyitait.  in  those  salts 
capable  of  assuming  that  form,  and  powders  or  solid, 
masses  in  those  which  are  not* 

1[»  All  the  hydrosulphurets  capable  of  assuming  a  scdid 
fbmi;  The  hydrates  of  these  bodies  are  the  cry- 
ttallised  hydrosulphurets. 

S.  Many  earthy  combinations.  Water  exists  as  a  oon- 
ttitnent  in  many  combinations  of-  earths  found  na» 
tire.  But  the  examination  of  these  bodies  luis  not 
bithertobeen  conducted  in  suck cmanner  as  to  waru^ 
lant  OS  to  venture  upon  a  list  of  isuch  native  hy« 


0»  Soaps.'  All  soaps  contain  water!  as  a  constituent. 
It  is  not,  then,  quite  correct  to  say  that  soap  combines 
with  water  and  forms  a  hydrate.  The  soap  is  itself 
a  hydrate  ;  but  we  have  no  nanse  for  soap  free  from 
water,  if  such  a  compound  be  possiblev 
10.  Tannin  and  many  animal  and  vegetable  solids. 

In  the  first  eight  classes  of  hydrates  contained  in  the 
preceding  list,  the  quantity  of  water  seems*lo  be  deter- 
minate, or  nearly  so ;  but  this  does  not  appear  to  be  the 
case  in  the  two  last  classes* .  . 
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;t.  Solution,  enters  with  solid  bodies  has  been  usuallj  temied  tbei»i 
U/tkn  of  these  bodies  in  tlut  liquid.  The  bodies  wUcli 
it  dissolves  are  not  so  nnmeroas  as  those  with  whidk  it 
forms  hydrates.  They  are  those  which  are  mntriacJ 
in  the  preceding  list,  excepting  sulphur,  most  of  the  ae. 
tallic  oxidesy  most  of  the  earths,  nuinj  aalta,  and  afasoit 
«11  the  earthy  combinations*  In  these  conabinatiooi 
there  is  a  minimum  of  water  neeetaarj  to  dissolve  de 
solid  ;  but  beyond  this  proportion  the  qaanlitj  of  liquid 
may  be  increased  at  pleasure. 

3.  The  action  of  water  upon  solid  bodiei  has  bees 
explained  in  a  very  luminous  manner  bj  BerthoJletf. 
This  liquid  has  obviously  an  affinitj  for  all  those  bo- 
dies with  which  it  is  capable  of  combining.  But  sfi. 
nity  is  mutual.  We  may  say  with  aa  much  proprictj, 
that  the  solid  acts  upon  the  liquid,  as  that  the  liquid  sets 
upon  the  solid.  Both  act  upon  each  other  reciprocally, 
and  at  the  same  time ;  but  the  force  exerted  by  each 
will  be  proportional  to  its  mass.  Now  there  is  this  pe- 
culiarity in  the  action  of  liquids  upon  solids,  that  they 
can  only  act  at  the  point  of  contact^  or  at  least  near  it. 
Henccy  as  far  as  the  mass  is  concerned,  it  is  quite  the 
bame  thing  whether  a  solid  be  acted  upon  by  a  large 
quantity  of  liquid  or  a  small  quantity  ;  since  the  points 
of  contact)  and  of  course  the  sphere  of  the  liquid's  acti- 
vity, must  in  both  cases  be  the  same. 

Whrn  a  solid  body,  then,  is  plunged  into  a  liquid  for 
which  it  has  an  aflinityy  whatever  the  quantity  of  liquid 
may  be,  the  action  is  always  limited  to  a  very  small  por- 
tion.    Hence  the  liquid  is  not  capable  at  first  of  de- 
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alloying  the  cohesioD  of  (he  solid  ;  which  imbibes  it, 
and  combines  with  it,  while  new  portions  of  liquid  come 
into  ccmtac!,  and  begin  to  exeri  their  action.  If  the  af- 
60117  between  ihe  solid  and  liijuid  be  weak,  the  combi- 
nation proceeds  only  till  the  torcc  of  affinity  is  so  far 
weakened  by  the  quantity  of  water  united,  thai  it  is  no 
longer  able  (o  overcome  the  cohesion  of  the  panicles  of 
ihc  solid,  and  then  it  nece^sarilv  stops.  The  compound 
continues  solid.  With  such  solids  water  i»  capable  on- 
ly of  fonning  ji  hydrate  ;  it  does  not  dissolve  them. 

If  the  affinity  be  strong,  new  doses  of  water  continue 
to  cotubine  wiih  the  atoms  of  the  solid,  and  thus  these 
atoms  are  separated  farther  and  farther  from  each  other  ; 
but  as  (bis  distance  increases,  the  force  of  cohesion  con- 
UaiisUly  diminishes,  while  the  liquid,  by  its  increased 
mass,  is  coabled  to  acl  with  greater  and  greater  energy. 
Hence  the  cohesion  of  the  solid  is  gradually  destroyed  ; 
ihe  particles  of  it  arc  separait^d  to  too  great  a  distance, 
ftnd  are  dispersed  equally  through  the  liquid.  This  is 
what  is  termed  solution. 

If  we  continue  to  add  more  of  the  solid  after  a  por- 
tion has  been  dissolved  in  this  manner  by  the  liquid,  it 
will  be  dissolved  tn  ihc  same  way.  But  by  this  new 
portion  the  particles  of  the  dissolved  solid  ate  brought 
tiearer  each  other  in  the  liquid  ;  their  mass  is  increased 
in  proportion  to  that  of  the  liquid.  Hence  they  cxCri  a 
greater  force  upon  it,  and  of  course  the  liquid  is  enabled 
10  exert  only  a  smaller  force  upon  new  portions  of  ihc 
^olid.  If  we  contintie  to  add  new-  porlious  of  the  solid, 
a  time  will  come  when  the  action  of  the  liquid  will  tie 
so  much  wenLened,  that  it  will  no  longer  bo  able  to  o- 
vercome  the  cohesion  of  the  solid  ;  it  will  then  refuse 
to  dissolve  any  more  of  i:.     When  a  liquid  has  come  tc 
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>oo^ML  this  state,  it  is  said  to  be  saturated  with  the  solid. 
Were  we  to  suppose  the  solation  to  go  ob,  the  paxiicks 
of  the  solid  in  solation  would  be  brooght  to  near  eae 
another,  that  their  force  of  cohesion  woold  crverhalaacs 
the  affinity  of  the  liquid  for  them ;  thcj  wonld,  in  psrt, 
cohere  and  form  again  a  new  portion  of  the  s^lid.  Tht 
saturation  of  a  fluid,  then,  does  not  mean  that  its  affinity 
for  the  solid  is  satisfied,  bat  that  it  is  not  greater  thsa 
the  tendency  of  thecombined  particles  to  cohere.  Now, 
when  a  liquid  is  saturated  with  a  solid,  if  bj  an j  meaas 
we  can  abstract  part  of  that  liquid,  the  cohcaiTe  force  of 
the  particles  of  the  solid  must  gain  the  auperioritj ;  and 
the  consequence  will  be,  that  they  will  unite  and  form 
solid  bodies  anew,  till  their  number  be  so  much  dimi* 
nished  that  their  niutual  attraction  is  again  oounterba- 
lanced  by  the  affinity  of  the  liquid.  Hence  the  reason 
that  evaporation  occasions  the  crystallixaticMi  of  those 
bodies  which  are  held  in  solution  by  liquids. 

If  the  affinity  between  water  and  the  solid  be  not  suf. 
ficiently  great  to  enable  it  to  overcome  any  part  of  the 
cohesion  of  the  particles  of  the  solid,  in  that  case  none 
of  it  combines  with  that  body  ;  it  only  moistens  its  sur- 
face. If  the  affinity  is  even  weaker  than  the  cohesion 
between  the  particles  of  the  liquid,  in  that  case  the  sur- 
face of  the  solid  is  not  even  wetted.— Such  is  a  sketch 
cyf  Mr  BerthoUet's  explanation  of  the  mutual  action  of 
water  and  solids  upon  each  other. 

Combim-  3^  fji^  combination  of  water  with  solid  bodies  is  ac- 

tion chemi* 

cal.  companied  by  the  usual  phenomena  of  chemical  combi- 

nations. The  density  is  considerably  increased,  while 
heat  is  usually  evolved.  The  hydrates  seem  to  be  the 
most  intimate  combination  ;  in  them  the  density  is  great- 
rs\.  and  the  heat  evolved  during  their  formation  is  con- 
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sidcrable.     The  solution  of  the  hydrates  in  water  is  oft-* .  ^Chap.  III. 
6n  accompanied  bj  an  expansion  rather  than  condensa- 
lion  i  of  course  cold  is  prodoced,  and  the  new  coiBpound  - 
ia  much  less  intimate  thao  the  old. 

Manjr  experiments  have  been  made  to  determine  the 
density  of  the  solutions  of  solids  in  water ;  but  as  the  di- 
stinction was  not  always  observed  between  the  pore  so* 
lids  and  the  hydrates,  the  results  are  not  so  satisfac« 
tory  as  they  otherwise  would  have  been.  The -most 
valuable  experiments  by  far  on  this  subject,  which  I 
have  had  an  opportunity  of  seeing,  are  those  bjr  0r 
Watson  *  and  Mp  Hassenfratxf  •  Dr  Watson  fir^  set 
the  subject  in  a  clear  point  of  view,  by  explaining  the 
real  nature  of  the  solution,  and  the  changes  of  density 
which  accompany  it.  .  His  experiments  show  very  clea^-; 
ly  the  difference  between  the  hydrates  and  the  pur^  so* 
lids  in  the  density  produced  by  their  solution  in  water. 
To  Hassenfratz  we  owe  by  far  the  most  copious  set  of 
facts  hitherto  offered  to  the  public.  His  experiments 
were  made  upon  pure' substances  in  a  determinate  ^at^ 
so  as  to  be  susceptible  of  comparison.  He  generally 
employed  hydrate's ;  but  he  has  pointed  out  very  tlear* 
ly  the  difference  between  hydrates  and  pun  solids  wheii 
dissolved  in  water.  '  The  foUownigcreTike}<i»)siim»r: 
porcant  facts  ascertained  by  these  pbilosophcra. 

4.  When  solid  bodies  unite  with  watev  snidibrm-i^  HTdrmuoP 
hydrate,  the  increase  of  density  is  sometimes  very  great^«  line, 
in  such  cases  there  is  a  vast  <  qoaatily  of  heali  evbMsd*' 
Mr  Hassenfratz  united  water  in  difftarent  proportiooatet 


512  COICBZNATIOW  OV  Lff^piDS. 

Book  m  lime,  and  ascertained  the  specific  gravity  after  eack  a4i 
dition.  The  following  Table  exhibita  the  rcnkif 
these  curious  experiments  oo  three  difiisreiit  spedmoi 
of  lime  varying  in  their  specific  gravity.  The  wcigll 
of  lime  used  was  always  10000^ 

Oaantky 

oTWater  Spec.  Onv.  Spec.  Gnv» 

added  to  ot  the  Com-         by  CakuU-  Difo 

the  Lime.  '  pound. 
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183  .  •  •  •  1*0137  .  .  •  •  1*5841  •  •  •  .    -fSM 


1620  ....  1*4877  ....  1-512S  •  .  .  • 

3355  •  •  •  .  0*7852  •  •  •  .  1*4440  •  •  •  .  -*6597 


•  •  • 


0  .  .  •  .  1*4558 

(520  ....  1*4819  ....  1*4292  ....    +52: 

2d.  ^    1562  ....  1*4737  ....  1*3941  ....     +798 

2500  ....  1*4000  ....  1*3646   ....    -f '54 

I    5000  ....  0*8983  ....  1*3038  •  .  •  .  ~4055 


■^  O  .  .  .  .  1*371^  •  .  .  •       "■™"         •  •  •  • 

J     312  ....  1*4506  ....  1*3602  ....     H 
■    j     937  .  .  -  .  1-4781  ....  1*3397  .  .  .  .  + 
(^1875  ....  0-9727  ....  1*3128  ....  — 


131b 

3401 


These  experiments  were  made  by  weighing  the  com- 
pound,  first  separately,  and  then  hi  a  phial  which  was 
filled  with  mercury.  The  weight  of  fnercurj  displaced 
gave  the  bulk  of  the  compound.  The  first  numbers  ia 
each  series  give  the  specific  gravity  of  the  lime  em- 
ployed. From  these  tables  it  appears  that  the  first  ad- 
ditions of  water  actually  increased  the  specific  gravity 
of  the  lime,  and  of  course  the  bulk  must  have  diminish- 
ed by  combination.  The  third  column  gives  the  speci* 
He  gravity  which  would  have  resulted  if  the  lime  snd 
water  had  combined  without  any   change  ofdensi^v 


I 

WITH  SOLIDS/  5*13 

I  whatever^  The  last  columo  gives  os  the  exc^s  of  thi  Chap-irTi 
Teal  over  the  calculated  specific  gravity,  or  its  dimxnu- 
tkm.  Thus  it  appears  that  the  hydrate  of  lime  is  sp6- 
tificftUy  heavier  thaa  pure  lime.  The  density  dimioi- 
^es  as  the  propordon  of  water  increases^  till  at  last  the 
compound  now  reduced  to  the  state  of  a  fine  powder,  and 
noist,  becomes  lighter  than  water  ^. 

Aiam  furnishes  another  good  eaeample  of  d^  intensi-  Mydittt  cT 
ly  of  that  species  of  combination  to  which  the  name  of  "^^ 
hydrate  has  been  given.  The  hydrate  of  alum  is  no» 
thing  else  than  the  salt  in  the  state  of  crystals.  In  that 
state  its  specific  gravity,  as  taken  by  Hassenfirata,  is 
1*7065  }  but  when  the  salt  is  deprived  of  its  water  by 
calcination,  its  specific  gravity  is  reduced  to  0*4229* 
Here  the  density  is  quadrupled  by  the  combination  of 
water*  The  following  Table  exhibits  the  increase  of 
density  which  takes  place  when  this  salt  is  combined 
with  water  up  to  the  state  of  hydrate.  The  quantity 
of  calcined  alum  used  was  always  1000. 


PropoRion 
of  Waur. 

of  CocBpouiKL 

Ditto  by  Oil - 

JJiffsfcactt. 

0 

0*4220 

-i— 

— 

322 

fysssi 

0*6094 

—503 

404      -^ 

ri42S 

0*6558 

+4865 

412 

1*7165 

0*6606 

+1*0550 

Here  the  first  additions  of  water  produced'  expansion ; 


•  Tbit  dinunstioii  of  the  lime  bdow  the  dcoaity  of  wtter,^  cotwith- 
ttaading  Mr  Ha«eiifiitt't  ezflaiiation  of  it,  oo  the  priadiik  of  pulveri- 
sation diminithing  the  specific  gntYitj,sppcart  not  a  little  citnordiimy. 
We  know  thtt  such  a  powder  of  lime,  if  thrown  into  water,  tfmnedhtffly 
to  the  bottom  of  that  H^id. 
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Bwikin.    but  when  the  proportioo  it  increued,  the  condeos^ 
tioo  becomes  extremely  giett. 

The  crystals,  or  hydiate  of  nitre,  are  of  the  spedie 
gravity  1*9630 ;  but  nitre  deprived  of  its  water,  sad  is 
the  sute  of  a  dry  powder,  has. the   apecific  grsfity 

SolatMHi  of        5.  Whrn  solid  bodies  are  diisolved  in  water,  the  balk 

bodiei  in 

of  the  liquid  is  increased.  The  deoaitj  of  the  solntioB 
appears  to  be  always  greater  than  the  mean  when  tbc 
pure  solids  are  employed  ;  but.  when  it  ia  the  hydntes 
which  are  dissolved,  the  specific  graritj  ia  more  £re. 
quently  less  than  the  mean.  Thia  will  appear  verj 
clearly  from  the  following  Table,  exhibiting  the  retolt 
of  the  experiments  of  Hassenfratz  on  the  eolation  of  n* 
rious  salts  in  water*  They  were  all  used  in  the  state  of 
hydrates,  nr  crystallized,  except  a  small  naasber  wbidi 
could  not  be  conveniently  used  in  that  state.  The  first 
column  contains  the  names  of  the  salts  |  the  second  their 
specific  gravity  ;  the  third,  the  specific  graTity  of  water 
saturated  with  each  of  them  at  the  temperature  of  55^; 
the  fourth,  the  weight  of  salt  contained  in  1000  parts, 
by  weight,  of  the  saturated  solution  ;  the  fifth  gives  the 
density  of  the  salts,  supposing  the  specific  gravity  of  the 
saturated  solution  exactly  the  mean.  When  the  densitj 
of  the  salts  thus  found  is  less  than  the  real,  it  indicates 
a  condensation;  when  greater,  it  indicates  an  expansion. 


*  Haiienfntt,  ^m,  dt  Clim.  zzii.  487. 
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72 
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1-859 

548 
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I-1I09 

1-028 

55 

1-473 

237 
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1-6609 

1-294 

533 

1-551 

109 

iroo 

l-839y 

i-^JB 

335 

l-ti34 

185 

1-D12 

1-373 

555 

1-072 

240 

copper 

2- 1943 

1-189 

250 

i-720 

474 

riate  of  soda 

2-2001 

1-210 

301 

i-oo-i 

503 
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1-9351 

1-145 

305 

i-475 

401 

1-5442 

1-070 

244 

1-287 

257 

lime 

1-7603 

1-351 

538 

1-652 

lUS 

magnesia 

1-801 

1-272 

648 

1-419 

182 

baryres 

2-9257 

1-265 

283 

1-037 

93S 

zinc 

1-577 

1-607 

785 

1-773 

■fl96 

copper 

1-119 

1-271 

a  SO 

1.-6P0 

20 

rate  of  joda 

2-09(>4 

1-231 

340 

1-6-10 

417 

potash 

I -9. 169 

1-157 

240 

1-62S 

308 

lime 

1-0207 

1-143 

339 

1-42J 

-    197 
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2-9140 

1  047 

60 

1-713 

'  .  SOS 

zinc 

^•096 

J-4B9 

572 

1-855 

241 

copper 

2-174 

1-530 

566 

1-937 

23" 
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2101) 

118*. 

517 

1-365 

714 

lime 
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1-0!18 

178 

1550 

+545 
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1-378 

1-252 

500 

1-504 

-f  12fi 
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1-245 
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lOS 

2-009 
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1-134 

322 

1-410 

+548 

lead 
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1-19S 

244 

1-811 

134 
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333 

1-588 

155 
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1-5567 

1-435 

617 

1-705 

+49 

.sphateof  soda 

1-333 

1-030 

SO 

1-381 

+48 

HX 

1-723 

1-013 

34 

1-3S2 

341 

a  of  commerce 

1-545 

1-158 

317 

1-498 

47 

.erican  potash 

1-927 

1-301     423 

1-703 

226 

those  only  marked  -j-,  in  the  last  column,  does  the 
;u1aied  specific  gravity  exceed  the  real ;  in  all  the 
ers  it  falls  short  of  it. 


I  , 


toMsiiTATiM  49u§pin%  wim  souos. 

k.  As  ft  kaowk^  of  |)m  qiiaotllj  of  tilt  oootaiMi 
in  saline  solutiims  is  cteommitnhis  iaportaot^bodik 
cfaearisu  and  manufactoftlni  I  shall  ioMrt  liemlisfBL 
lowing  Tsble  6t  IhimA^  iilAUK-^imSk  4m  j|i. 
cific  grMty  of  ssline  solntiqiiib  Ji fact  1^  jmpnpmk 

the  ^antitf  cif  ikli  oeoMiied  fai  lib  yilW|i^' 
of  the  sphdon :  the  attend  tfin  fpenilL:i|«^^^ 
eolnlioti  id  impfcgasddli     The  ciotoig  fcilWP|il'j 
etch  sdt  terminetet  when  wtterieeBSiBnMiviAilt! 
ihe  tnnp^ratnre  ctf  S5^.    Theselce  weteiri  gmmAaj* 
etsUiiied:     The  fiadimealal  eiperipd^  pnm  wliilg 
tte  tsUe  was  calculated  appear  to  lukva<bMW — ■-— ^^« 


precisioai  the  lesolts  in  general  agrao  wj  •mlj  ^ 
those  obtained  Vf  Dr  Watson.     For  m  simie  aiOBiM 
of  the  method  eaftplojed  in  constractiaigdiiiildii^ilf 
seeder  is  refened  to  Mr  Hassenfinat»*a  tHasuHatha  m 
die  subject*. 


•  ^M.^«aib.nirtl  Ills  tad  ssnriii.aSa. 
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•0430 

•0505 

•0580 

•073' 
•0891 

•1055 

*1221 

•*i3o 

*i56o 

*i74o 
•1928 


^ 


_    I 


Acttate 
pf 

Soda. 


OC28 
'OO58 
•0087 
•0117 
'OI46 
*OJ76 
*o2o6 
•0237 

'c«67 
*Of99 
'0361: 

*0424 

x)488: 

•0619 
•0685 

075' 
•0817 

•D883 

•1018 

*i090i 

•1165= 

'1242 

'1320 

•^399 
*i482 

•1567 

•1656 

'*755 


AcMate 

ol 

Magoe- 


'0944 

*6o8a 

*OI24 

'0166 
*o«c8 
'OA50 
•0^93 

•0337 

•0424  j 

•051.2' 

0603 

0696 

0:95^ 

o8«5 

0983 

1086II 

1180 

1294; 

1400= 

1507! 

1614! 

1723 
1834 
1946 
2058 
2172 
2^87 

240s 
2^20 


Achate 

cif 
Iron. 


^3S 
0075 

0112 

0150 

0188 

0225 

0264 

0302 

034 » 

0380 

0458 

05371 
0616: 

0697J 

0780) 

0863: 

0948: 

1045- 

1x40: 

1224' 

»323; 


b%2 


COXBXKATXON  OF  LIOpZBS 


Bt>okin. 


jT^BXZ  pfSaliMe.  Sofutionip  conttmacdm 


oi  S  U  i 
loopiu't 
of  the 
St-iiiric»r 


Tannitc 

.f 
PotMh. 


Phos. 

phaCe  ot] 

Soda. 


1      1 

f  COJ4 

2       1 

roo7* 

3 

[*oio8 

4 

1*0148 

5 

1*0190 

6 

I'OIU 

7 

1-0271 

8 

ioS«3 

9 

1039$ 

10 

P0397 

IS 

1*0481 

«4 

1*0567 

i6 

1  '065  \ 

i8 

1*0745 

20 

1*0837 

22 

11032 

24 

i'ii53 

26 

i*i»83 

38 

I  I43'> 

SO 

■•|<)0' 

3« 

riSoi 

H 

— 

3^ 

— 

3« 

— 

40 

— 

42 

— 

44 

— 

46 

— 

48 

— 

50 

— 

5» 

— 

54 

— 

56 

— 

.S» 

— 

60 

— 

- 


1*0050 
i*okc2 
rot  33 

I'02I2 
1*0258 
1-0311 
1*0364 
1*0417 
1*0470 
10515 

1-0634 

I  0744 

I '00(6 
I '0968 
11080 
1-1196 

11.S17 
11447 
fi569 
1*1700 
1*1838 

II978 
I  2118 

1*2259 

1  2400 

I  254'» 

1*2696 
I -1861 
1-3015 
1-3180 

•335* 
«*3J*7 

'  3707 
1-3902 

1*4120 


1004c 
I  0081 

I*0l2p 

•  *ot66 

I '0200 
1*0137 
1*0270 
1*0360 


1*0040 
1*0004 
1*0112 


1*0042 
1-0086 
1-0130 
1*0175 
1-0230 
I  0^64 
1*0310 
1-0356 
f-0403 
I  O45K 

1-0544 
1-0640 

1-0736 

'  -3833 
1*09^0 

1-1031 

i'"35 
1*1241 
I  1349 
1*1460 


1 


1-0050 

1*0101 1 
1*01561 

1*0212 
l'026| 

2 -0327 
1*038$ 

»0443 
<*o50^ 

1*0563 

2*0684 

1-0807 

1-0930 

I  105^ 

21 179 

1*1307 
i*»438 

11571 

11724 
1-1840 

11989 

1-1142 

1-2304 
1-2478 
1*2660 
1-2882 


-    - 


WITH  tOLIDS. 

Thb  Table  is  so  simple  as  scarcely  to  require  any 
explanation.  Suppose  we  have  a  soluiion  of  nitrate  of 
Vtiac,  of  the  specific  gravity  1-4050,  at  the  temperalure 
«f  55"  ;  by  inspecting  ihc  Table,  w«  see  immediately 
that  such  a  solution  coatains  half  its  weight  of  crystal- 
^zed  nitrate  of  zinc 

'      When  the  S[jecific  gravity  of  our  solution  is  not  to   j 
1>e  found  exactly  in  the  preceding  table,  we  may  obiain   * 
^he  quaniiiy  of  salt  which  it  contains  pretty  nearly  by 
khe  following  method  :    Suppose  we    have  a  soluiion  of 

American  potiish  of  the  specific  gravity  I'IBOO,  at  the 
'.temperature  55''.     By  inspecting  the  table,  we  find  that 

ihe  quantity  of  salt  which  our  solution  contains  lies  be- 
'tween  30  and  32  per  cent.  Now  the  specific  gravity 
'of  a  solution  containing  SO  per  cent,  is  I'leiO,  and  that 

of  one  containing  32  per  cent,  is  I'lsras.  If  we  can 
'"fiad  a  number  such  ibat  it  will  have  the  same  ratio  to 
*30  and  32,  as  l-moo  has  to  1'18-iO,  and  I*108»,  that 

tiumbcr  wilt  give  us  very  nearly  the  quantity  of  salt 
'*fr  Cfflf.  which  our  solution  contains.     The  following 

operation  gives  us  a  number  x,  which,  when  added  to 

~S0,  makes  the  number  required  : 


m 


]  :  IICSS— 1-1840  i:  X  :  1000— 1B40; 

Of,  which  is  (he  same  thing, 
140  :  :  X  :  60,  and  3:  = 


_2XfiO_ 
140 


The  number  required  of  course  is  SO'Bl. 

Suppose  we  have  a  saturated  saline  solution  01  any 
salt,  and  that  we  wish  to  reduce  it  by  the  adtfition  of 
water  till  it  contains  only  a  given  quantity  ol  >itlt  ptr 
cent,  the  quantity  of  water  to  he  <d(lcd  may  be  luund 
by  the  following  operation.     Let  D  be  the  weight  of  a 


Fffect  of 
fempcn- 
ture. 


Action  of 
warcr  on 
diffcrci  t 
*'jJids  at 
luicr. 


copffBiirxiriini  or  UQjriD9 

f stunted  lolution  which  we  with  to  dilnt^  Sdief«. 
litj  of  salt  which  it  containi|  x  tb^  ^ii«&tiij  of  wbb 
to  be  added,  S'  thp  qUtmitj  of  wb  oonouiitd  in  n 

parts  olF  the  new  mixture;   then  wc  have  ■   I   =-■ 
SD  -  S' D      Suppose  the  idhrtioawtid 


Hence  x  =^ 


S' 


we  have  to  be  nitre  and  D  =:  IgO.  From  the  tiUrvi 
see  tlut  a  saturated  solution  of  nitre  cooCaioa  24*68^ 
cent,  of  salt  i  therefore  S  :=  24*86.  hct  it  be  rcqud 
to  reduce  it  so  that  it  shall  contain  onlj  10  per  cem»i 

salt.  HereS'=:l0.  We  hare  therefore  »=S^i!=i^ 

10 
=  148*8.    So  that  to  100  parts  of  tlie  saturated  solniitt 
ijf  we  add  H8*8  parts  of  water  bj  weight,  we  shall  fom 
a  new  solution^  containing  only  10  per  cenf.  of  salt*. 

7*  The  quantity  of  salt  soluble  in  water  in  most  caics 
increases  with  the  tcnopcrature.  Hence  both  the  pn. 
portions  and  the  specific  gravity  must  vary  with  cverj 
temperature.  The  preceding  table  applies  only  to  the 
temperature  of  56^.  Hitherto  no  exact  set  of  experi- 
meuts  has  been  made  to  enable  us  to  ascertain  what 
allowance  is  to  be  made  for  changes  of  temperature. 
Hassenfratz  has  promised  to  publish  a  treatise  on  the 
subject,  but  hitherto  he  has  not  fulfilled  that  promise. 

8.  Water  has  the  property  of  dissolving  more  than 
one  solid  body  at  a  time ;  we  may  present  to  a  salura* 
fed  aqueous  solution  of  one  substance  another  substance 
soluble  in  water.  In  that  case,  the  result  varies  exceed. 
ingly  according  to  the  substances  used  \  but  tLe  diflei- 
r:nt  cases  may  be  reduced  to  three :   1.  Sometimes  none 


•  Hawcr.frafs,  ^inn,  dt  Cl'.n:  xivii.  i;-. 


With  solids. 


MS 


Af  ihc  solid  is  dissolved  :  thus,  b  saturated  solution  of  Clu^  m. 
■Bumte  of  lime  ia  incapable,  at  lli«  tem[>eratiife  of  60°, 
of  dissolving  any  comnnoti  sail,  in  thsicasethclemprra- 
tiire  of  the  liquid  snlTers  no  change.  2.  Somelimes  ifae 
saturated  solution  dissolves  llic  whole  or  a  part  of  the 
pew  solid,  wiihoDt  losing  zny  part  of  the  solid  witti 
which  il  is  already  combined.    Tims  a  saturated  solution  ^^H 

of  nitrate  of  potash,  in  ihe  temperature  of  51",  dissojves    _^^^H 
a  considerable  quantity  of  common  jali,   and  thus  lias      :i^^| 
ita  density  grtally  increased.     In  th«  case  the  tempera-        ) 
lure  of  the  solution  always  sinks  when  the  new  solid  is        | 
ia  the  »ate  of  a  hydrate.     3.  Sometitnes  the  saturated 
solutioit  dissolves  the  nc:w  solid,  hui  at  the  same  time        i 
lets  go  a   portion  or  ifac  wliole  of  the  substance  lt>ilh 
'  which  it  was  formerly  combined.     Ttius  when  a  satu-        t 
rated  solution  of  sal  ammoniac,  in  the  temperature  of    " 
'  61^,  is  mixed  with  a  safficienl  qusnliiy  of  common  t^     >  ,  ,  * 
this  last  substance  is  dissolved,  but  at  the  same  time  the 
who)':  of  (he  muriate  of  ammonia. precipitates.     Ia  this        | 
case  the  temperature  of  the  solution  often  rises. 

We  arc  indebted  to  Mr  Vauquelin  for  the  most  cuii-  Acitoo  a( 
ous  set  of  experiments  on  this  subject  which  ha&  bilker-  ^^n°^ 
to  appeared.     I  shall  present  Ihc  result  of  tbetn  uilder   li^eioltt- 
the  form  of  a  table.     They  were  made  by  mixiDg  inu- 
'  riate  of  soda  in  powder  with  saturated  solutions  of  va-     '~\ 
rious  salts.     The  portion  of  liquid  used  in  cAcb  expbri- 
nent  was  2304  grains  (4  oz.  French),  and  the  quattti-        | 
ty  of  common  salt  mixed  with  it  was  always  5"6  grainy        I 
OT  ^ih  of  the  Weight  of  the  liquid.     The  first  eulumo 
of  the  following  Table  gives  the  temperature  of  the  sa- 
line solution    employed  ;  the   second,  ibe  name  of  the 
solution  J  the  third,  its  specific  gravity,  wherever  that 
^  been  noted  by  Mr  Vauquelin ;  the  fourth  column 


ffN 


GOMiUfAfmr  wr^Minte 


th0 tabtictti  UM.fifibp  lh<:qttppti^y,#f  jljit  pit  JWf it|^! 
]j  IB  i^lnliMp  w)iic)^  p^edpiMM  wfcp*  dP  eiMMa«h 
diMolTcd »  ibe  tixfib  cohu^gtvoi  tb^itmnifmsumm  4 
Ibf  ^«id  imiiicdbtdj  after  iIhi  ■o|a|pM.flC?ikB  ^m^k 
AM  t|dt|  tod  the  B«T«mb  lh«  aoioui^if  Ae .chanftif 
teoBB^^tarc  *•  ■  .   ; 


ITrr 


IfercMh 
tnm. 


4T 


51 


6V2i 


51-1 


47' 75 


40 


47 


47*75 


52-25 


Pbre  water 


Nilnle  of 
lioie 


Muriate  of 
lime 


Nitrate  of 
potash 


Alam 


Nitrate  of 
barytet 


Sulphate  of 
lime 


Sulphate  of 
potash 

Nitrate  of 
msgnesia 


1-114 


1*048 


1*000 


1'307 


540 


656 


533 


Almost 
all 


Almost 
all 


Almost 
all 


■ .  I. 


a .  M*^5 


51*1 


45*25  1—2*5 


0     43*25 


44 


A  lit. 
tie 


45'5 


— 3*5 


••^ 


40*75 
48-75 


55 


—3*75 


— 1 

+1 


2-75 


S  See  Vf u^nddHy  Jm*  dt  Oim.  siii.  36* 
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twebe. 
lore  Mu 
turc. 

Saline  SolatioD 
used. 

Spfcilic 
Gtvntj 

of 
Ditto. 

P'-rtion  •! 
Salrda- 
loKed. 

ort>OQ«  i 
Bait  prrci- 

fiu'ed 
irom  the 
Solution. 

New 

Tospo- 

rature 

prcdoccd 

Change 
of  Icm- 
peratnre. 

41« 
61'25 

Sulphate  oi 
soda 

Muriate  of 
^arjtCA 

AlmoM 
all 

180 

52*25 

+5-75 

AimuM 
all 

Many 
ciystalb 

67 

+5-75 

• 

4T75 

Sulphate  ol 
magnesia 

^36 

306 

54*5 

+6-25 

6V25 

Muriate  ot 
ammonia 

Almost 
all 

Ihc  ' 
whole 

'«0'25 

+0*00 

511 

Nitrate  of 
toda 

The 
whole 

648 

61*25 

+1015 
+I1'25 

<II-25 
4T7r 

Muiiate  of 
potash 

• 

i-240 

Gr  atcr 
part 

A  greai 
deal 

72-5 

sulphate  cf 
ammonia 

The 
whole 

720 

• 

65n5 

+18-25* 

From  this  table  it  appears  that  a  saturated  solution  of 
nitrate  of  lime  d-ssolves  no  common  salt ;  that  a  satu- 
rated solution  of  ititi  ate  of  potash  dissolves  mure  com- 
mon salt  than  the  same  weight  ot  pure  water ;  and  that, 
a  saturated  solution  of  nitrate  of  soda  likewise  dissolves 
more  common  salt  tlian  pure  water,  but  at  the  same  time 
allows  the  greatest  part  of  the  nitrate  of  soda  to  preci- 
pitate. 


*  7*he  retidue  not  precipitated  formed  wkh  the  nniriate  of  aoda  a    ' 
triple  salt. 


588  coMBiKAtrov  oir  vqjsms 

Book  III.  These  carious  pheooment  obriootlj  depend  ups 
the  mutnh]  action  which  ceetmi  salrt  «xert  upon  csd 
olhbr^  wbi^h  hy  dibiinishing  the  cdheiion  of  eidi,csk 
-Mel  The  water  to  act  upon  thein  with  more  energy; 
f nd  iipoii  their  relative  aiEditj  for  water.  This  afini. 
ty  live  know  varies  with  the  tcnxperaturc*  nd  every  ok 
follows  a  particular  law  of  its  own.  Hence  it  happesi, 
that  the  phenomena  above  describeti  succeed  only  at  the 
teoaperature  in  which  the  Experiments  were  made.  In 
high  temperatures,  the  afBnitj  of  muriate  of  soda  for 
water  is  much  feebler  than  that  of  moat  of  the  sahi. 
At  a  boiling  heat,  therefore^  it  is  separated  bjr  those  v^ 
xy  aalts  which  it  throws  down  at  a  low  temperature. 

The  heat  evolved»  even  when  the  quantity  of  salt 
precipitated  was  much  less  than  of  the  common  aaltdis. 
solved,  shows  us  that  muriate  of  soda  absorbs  but  Irtde 
heat  dtu'ing  its  solution  in  water.  A  circumstance  pro- 
bably connected  with  the  small  quantitj  of  water  of 
crystallization  which  it  contains. 

0.  When  a  portion  of  the  water  holding  a  solid  bodj 
in  solution  is  removed  by  evaporation,  the  particles  of 
the  solid  being  brought  nearer  each  other,  their  tenden- 
cy to  cohesion  increases,  and  more  than  counterbalances 
their  aflinity  for  the  liquid.  Hence  a  portion  separates 
and  assumes  the  solid  form.  If  different  bodies  be  in 
solution  at  once,  that  substance  separates  first  which 
has  tlie  greatest  tendency  to  cohesion.  But  in  general, 
the  different  substances  dissolved  act  upon  each  other 
to  a  certain  extent,  and  prevent  or  retard  their  retnrn- 
ing  to  the  solid  form.  Hence  the  mother  liquor,  as  it  is 
called,  which  almost  always  remains  when  compoucd 
saline  liquors  arc  evaporated. 

By  evaporation^  a  saturated  solution  of  a  solid  ms? 


tatiqg'  any  qf  ^  d44SQ|jHi4!;#?l j4  «  ^ICfiWW  .*•  'CC^«W 
beiDg  Qpw  4i^qoj^^  camPt  fWtft4l^a4tfipa9trt»,.V#t 

Im^  4omf  f^ulp  MMtFYCpf  iPr  4^ttQjk  tM  •«imUW«%  = 
7biM  if  9  9«yiUU«»f  :UtfiH||ibft|^f«  4i9i9hKe4.bC  int|Pfl4«pir 
^H  intp.  tlie  8»l»itioA»  iipnie4R^f|y  lbe,fafiUfil^ifi  9^ 
«ioii:bcgm  ^.^|iQfi{fltiib«aill|lyfi ?•:  „i  ^^     ,..    ^  ;^  , , ;  ji 

II.  The  action  of  alcohol  upon  tolids  is  iiior«.lMHti4  ^^^1 

acquainted  with  anj-«oli4  Qpm^iiMi^fft  imo.  wbiohfllp 
cohol  enters  4iimtar  jto  the  hydrates.  The  following  is 
a  list  of  the  sol^4.«tf)>stances  which  it  is  capable  of  dis« 
soWing :       .r  •    .     ■/ 

1.  Sulphur. 

It.:  PboaphH US  iMB^  Jiovflral:  QfliRpfmd*  iHo  whiali  j|^ 

3.  Fixed  alkalies.  :  ^    T  • :  ,-  r  •  t: 

4.  Some  pClto  Valine  esfttbsii^HqeiWi^  proportions, 

5.  Most.xif  Una  splid  acids.  .t3-.  , 
d.  Many  salts.                                r  -.::/::>  ' 

8.  AlkflUfiesQapdf     :•    •        •    .»     ■   ..     .*-*.'t-:.t 

C^.  Tannin,  and  many  vegelablt  mOustlMeask 
Waaler  and  alcohal  together  tppeaff  to;  ac^.tipttft  Mf  iVal 
solids  with  more  energy  tbia  -ckhor  of  than  aeptrsUlKljps 

III.  The  actfOQOC ether  seems  still, iacvctSrcuttiscrib* 
ed  than  that  oF  aliaobol ;  but  the  experimcftts  hitherto 


it: 


^  BenKoUet  lia^  expfaitned  thii  toSject'st  Ytim.  IISDfeV,  arid'WiH  hit 


#  •  • 


Vm  ■sell  Om  OpOn  WMRIIi  alWfRMB 

AdiM of     -  'IV. 'TK^ iunim dT tacrmylitMinii twUH^pliii 
i;;^  ~  riMMUi*'  WifhUite  iffy  I  III!  Iimi|ii1l  llBltiMi 

jMWi'  The  eawgy  if-ttr-MtMl'tliflMr itviN^ 
vpM  did  iiraig«r'«r  HidMijVMt'tf^M  dM  artiin 
force  of  the  i«ridct  l«  te-MMl  «itt  vMdiHiit 

'  '^sfMfv  w  ■ereii  hwwib  vdob  wiii9b  omwr  w 

IfMtaiieoinlj}  ead  If  ftj^plied  in  miiBBlrit  f  enHlyt  fc 
ediiw  them  eddi^tely*  'Thetetre      ' 

G<M»  BimuMit 

SUver^-  Xmm, 

Lead,  Otmioai. 

Tioy 
Vim  five  toeteb  it  mtj  be  mede  to  eel  oMier  bj  trii^ 
ntioo  or  br  destroying  the  cohetioa  of  the  metd  If 
meeot  of  beet.    These  ere 

PkdniifDy  Arsenic^ 

Copper,  Anttinonjr* 

TeUttrium, 
With  iron  it  may  be  made  to  oooibiiM  i  bat  its  efinltf 
for  that  metal  being  ver j  weak,  the  iron  mAst  be  pre- 
sented in  a  particnlsr  state. 

There  are  five  metals  with  which  mercmj  caooet  bt 
mede  to  combine.    These  aie 

Nickel,  Maognese 

Cobalt,  MoljbdenmD. 


Its  action  upon  the  other  metals 
When  scTcral  of  the  meuls 
tbej  come  out  moistened  with  it 


WITH  SOLIBS*  -501 

dk»es  when  pliinged  into  wafer*  The  adhering  pc^ioil  ,^^^j!^. 
bat  obvioudyjicgtta  acombiution*  Hence  thetter^  Adhctinoof 
Cory  adheres  to  the  metal  with  a  considerable  ■  force.  °^^^<^ 
We  learn  from  the  experimeots'of  MorveaHy  that  this 
ftfiee  Tartet  ia  diftrent  metals.  He  constmcted  e^lio- 
ders  of  different  metals,  perfectly  round,  an  inch  in  dia^ 
meter  and  the  same  in  thickness,  and  having  a  small 
ring  in  their  upper  surface,  by  which  they  might  be 
hung  exactly  in  equilibrium.  He  suspended  these  cy* 
lindersy  one  after  another,  to  the  beam  of  a  balance  ; 
and  after  counterpoising  them  exactly^  applied  them  to 
a  quantity  of  mercury  placed  about  two  lines  below 
them,  making  them  slide  along  its  surface,  to  prevent 
any  air  from  lodging  between  them  and  the  mercury. 
He  then  marked  exactly  the  weight  necessary  to  over- 
come their  adhesion,  taking  care  to  change  the  mercury 
afiter  every  experiment.  The  Table  of  the  results  is  aa 
foUows ; 

Gold  adheres  to  mercury  with  a  force  of  444S  gr. 

Silver ••.•••••••  429 

Tin 418 

Lead 301 

Bismuth 372 

Platbnm 282* 

Zinc 204 

Copper 142 

Antimony    126 

Iron   • 115 

Cobalt 8 

These  numbers  may  be  considered  as  proportional  to 
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combination:  oh  td^mn  vntu  souds. 


Bpqk  WL  tlie  affinitj  of  each  Dieul  foe  nenooiT'*  Tiiej  ob?ioa 
ly  4fKpend  upof  the  qumtilj  of  metewlr  ditt  adhod 
to  etch  turface ;  apd  that  of  oourac  ttoold  be  rcgolittel 
by  the  aflSoity.  But  the  auppotiiioii  that  the  BBmhen 
in  the  table  are  pro^tipoai  to  tbe  aSnity  ia  altogtte 
fralaiiods* 
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Chap.  IV. 

CHAl».  IV. 

9 

OF    SOLIDS* 

• 

»OLiD  bodies  are  much  more  numerous  than  either  li* 
quids  or  elastic  fluids.  Many  of  them  wheo  heated  be* 
come  liquids^  wliile  others  .are  decomposed  before  thej 
mcquire  the  temperature  necessary  to  produce  fluidity. 
In  this  Chapter  ^t  shall  consider^  in  the  first  place,  the 
<onstitunon  of  solid  bodies,  and  afterwards  their  combi* 
Rations  with  each  other.  Solid  bodies  consist  of  an  in- 
■definite  number  of  homogeneous  particles  aggregated 
together  in  masses,  and  so  constituted  that  they  cannot^ 
like  liquids,  move  among  themselves.  In  considering  the 
constitution  of  solid  bodies,  tljere  are  two  things  which 
claim  particular  attention.  The  first  is  the  force  by 
means  of  which  the  particles  are  united  together.  It  is 
called  eobesian*  •  The  second  is  the  way  m  which  these 
particles  arrange  themselves  with  regard  to  each  other* 
It  produces  those  regular  shapes  in  s  )lid  bodies  well 
known  by  the  name  ot  crystali.  We  shall  treat  of  each 
of  these  separately  :  this  ChtApter,  then,  will  be  divided 
into  three  Sections  ;  treating  respectively, 

1.  Of  Cohesion. 

2.  Ot  Crystallization* 

.    3.  Of  the  Combination  of  Solids  with  each  olhev# 
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SECT.  I. 


OF  COHSSION. 


Cohetion 
▼irietin 
difTcrcnt 
bodict. 


jThe  force  called  coheswn  is  inherent  in  all  the 
cles  of  solid  bodies  $  for  tH  solid  bodies  exist  in 
composed  of  an  indefinite  number  of  particles  uni 
gether. 

I.  It  acts  only  at  insensible  distances  ;'  for  wh 
we  rereoTe  the  particles  of  a  body  to  a  perceptil 
tance  from  each  other^  tbey  cease  to  cohere 
ther. 

S«  Cohesion  is  exceedingly  varioos  in  dilkrt 
dies  \  thoogh  in  the  same  body,  if  other  things  be 
it  is  always  the  same.  Thus  an  iron  rod  is  coi 
of  particles  of  iron  cohering  so  strongly,  that  it  r 
an  enormous  force  to  separate  thenk.  A  sOiallc 
is  necessary  to  OYcrcorae  the  cohesion  of  lead,  am 
smaller  to  separate  the  particles  of  chalk  ftm 
other.  In  short,  there  are  scarcely  two  bodies 
particles  cohere  with  the  same  force.  The  fbrot 
hesion  in  solid  bodies  is  measured  by  the  weight 
sary  to  break  them,  or  rather  to  pull  them  as 
Thus  if  a  rod  of  glass  be  suspended  in  a  perpern 
direction,  and  weights  be  attached  to  its  lower 
mity  till  the  rod  is  broken  by  them,  the  weight  ] 
ed  to  the  rod  just  before  it  broke  is  the  measure 
cohesive  force  of  the  rod.  We  are  indebted  to  Mn 
broeck  for  the  most  complete  set  of  experiments  1 
to  made  upon  the  cohesive  force  of  solid  bodies. 
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en  has  also  examined  the  cohesion  of  several  of  the     Cln^  IV. 
:als  with  much  accuracy.     The  results  of  the  la- 
irs of  the  first  of  these  philosophers  XMJ  be  seen  in 
following  Table  * : 

I.  Metals. 

Steel,  bar 133,000 

Iron,  bar ••••• 74,500 

Iron,  cast •••••• 50,100 

Copper,  cast 28,000 

Silver,  cast 41,500 

Gold,  east 22,000 

Tin,  cast 4,440 

Bismuth 2,000 

Zinc 2,600 

Antimony 1,600 

Lead,  cast -. -      800 

IL  Alloys. 

Gold  2  parts,  silver  1  part,28t000 

G0I4  5$  copper  l «,,50,000 

Silvfx  5,  copper  J  ••••f.,48,50Q 

Silver  4,  tin  l.., t„.41,000 

Copper  6,  tin  l 55,000 

Brass 51,000 

Tin  3,  load  l.^ 10,200 

Tin  8,  zino.  u «««.*.10,000 

Tin  4,  antimoBj  l .•••12,Ooa 

Lead  8,  zinc  1  •«••.«••«••••«  4,500 
Tin  4|  lead  1,  ziac  l..^«.  19,000 


••» 


Id  thi»  Table  the  mimben  depote  the  popsds  a^ifdupoit  which  are 
RffficieDt  16  tear  asvnder  t  rod  of  cmch  of  the  bodiet  whoip  bite  it 

Pp2 
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^  Lbclisl  tree ...••00/toa 

Jojeb lB,500r 

Beech,  oak 1%S00^ 

Orange • 15,500 

Alder., , 13^000 

Elm ^.....•••19»S0O 

Mnlberry •.....•••••  1%500 

Willow..........^.. 12,500 

Aiii  •••«•«••••••••••§•«•  ••••««12,00U' 

num ».••. ll,80O 

Elder • •, lOpOOO 

Pomegranate......... 0,150- 

Lemioo ••  0»250 

Tamariod • S,190 

fir 4. 8,3SO 

Walnut 8,130    - 

Pitch  pme......... T,650 

Qoinoe ..•••. ^.••.  0,t50 

Cyprest.... 6,000 

Poplar •  5,500 

Cedar.. •.......• 4,880 

IV.  Bonis. 

Ivory 10,27O 

Bone,. 15,250 

Horn 8,750 

Wbakbone 7^500 

Tooth  of  tea  calf 4,075 

3.  The  nature  of  cohesion  has  been  more  happi 
ijh^  plained  bj  Boscovich  than  by  any  other  pbOoe^ 
^»«k^  Indeed  it  forms  the  most  beautifu}  and  — *--«"^^-^ 
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iieorj.  According  to  him,  tlic  particles  of  bo-  Oi'p^i^ 
t  cohere  rogelhrr  when  they  are  placed  in  the  limit 
pulsion  and  attraction.  Two  particles,  when  si- 
1  at  a  certain  distance  from  «ach  other,  repel  etch 
f  tnulunlly  ;  tliis  repulsion  gradually  diminishes  as 
(^distance  between  the  particles  increases,  till  at  lasf, 
I  the  distance  reaches  a  certain  magnitude,  the  re. 
lion  ceases  altogether.  If  the  distance  be  increased 
r  so  little,  the  panicles  now,  instead  of  repelling,  at- 
I  each  others  and  this  attraction  increases  with  the 
I  at  last  it  reaches  its  maximum.  From 
point  it  gradually  diminishes,  till  at  last,  when 
!  particles  have  acquired  a  certain  distance,  it  va- 
nichcB  altogether.  If  the  distance  be  increased  ever 
so  little  beyond  that  distance,  tbe  parlicles  now  agnin 
repel  each  other.  He  supposes  thai  the  insensible  di- 
stance between  two  particles  is  divided  into  an  indcli* 
mtc  number  of  ponions  of  alternate  repulsions  and  ■(' 
iraciions. 

Lei  the  line  AH  (iig.  14.)  represent  the  insensible 
distance  between  two  particles  ;  and  let  the  ordinatcs  of 
tbe  curve  IQy  f'  y"  represent  the  attracting  and  repel- 
ling forces  of  the  two  particles,  as  the  wcond  moves  a* 
long  the  line  AB  while  the  first  remains  in  the  point  A. 
The  ordinate  of  the  curves  situated  above  the  line  AH 
represent  repulsive  forces,  and  those  below  the  line  re- 
firesenl  allraciing  forces.  The  fioiuis  B,  C,  D,  E,  F, 
G,  H,  where  the  curve  cuts  the  axis,  reprtsent  the  li- 
inits  between  repulsion  and  attraction.  While  the  se- 
Ootut  particle  is  in  any  part  of  tlie  line  AB  it  is  rcpel- 
ikdi  (he  repulsion  increases  as  the  particle  approaches 
I  at  the  poiin  A  it  is  infinite,  because  the  line 
)  be  considered  as  an  asymptote  to  the  curve. 
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Book  la  At  the  point  B  the  teoood  panicle  it  neither  npdlri 
nor  attracted.  In  everj  part  of  the  line  BC  itiia 
tracted  ;  and  the  attraction  is  a  maximam  at  P, 
theie  the  ordinate  PC^is  a  maximuai.  At  the 
C  it  is  neither  attr«cted  nor  repelled.  lo  everj  jmi 
CD  it  it  repelled;  in  D  it  is  neither  attncledBir» 
pelled  'p  in  D£  it  is  attracted ;  and  so  on. 

Now  the  points  B»  D,  F,  and  H,  are  called  by  l» 
oovich  limits  of  cohesion,  because  particles  plmta 
these  points  remain  unaltered,  and  even  resist  anj  Sm 
which  endeavours  to  displace  them.  If  they  are  dmi 
nearer  each  other,  they  are  again  replied  to  their  fe 
mer  limit:  on  the  other  hand,  if  they  are  driven loi 
greater  distance,  they  are  again  attracted  to  their  f» 
mer  «:*! nation* 

Boscovich  supposes,  that  in  all  cases  of  cohesioaik 
particles  of  the  cohering  body  are  so  situated  as  to  ht 
in  these  limits  of  cohesion  with  respect  to  each  otba. 
According  to  this  very  ingenious  theory,  cohe&ioB  is 
noty  properly  speaking,  a  force,  but  the  interval  be- 
tween two  forces.  And  even  if  we  were  to  modifj  the 
theory  a  little,  still  we  must  consider  cohesion  as  the 
balancing  of  two  opposite  forces,  either  of  which  be- 
comes prevalent  according  as  the  cohering  particles  are 
urged  nearer  each  other  or  forced  to  a  greater  distaore. 
Consequently,  if  we  were  to  speak  with  preciuoo,(»i 
besion  is  not  itself  a  force,  but  the  absence  of  a  ibrcst 
What  has  been  hitherto  called  the  force  •/  cAesiv^  is 
the  attraction  which  prevents  the  cohering  partido 
from  separating  from  each  other,  and  which  begins  to 
act,  or,  more  precisely,  which  becomes  prevalent,  wbcs 
the  particles  are  urged  to  a  greater  distance  from  esd) 
other. 


A*  Boscovich  has  shown,  in  «  vety  satiifiietorj  muu    Chaii.  i^. 

\  how  all  the  yarieties  of  cohesion  may  be  produced 
bjr  ^e  differences  in  the  size,  figure,  and  deasity,  of  the 
oohering  particles  *«     It  deeerres  attention,  that  in  most 
cues  the  cohesive  force  of  undecoflspounded  sdid  bodies 
is  verj  eoosiderabk.      All  the  metals  cohere  Terj 
aCroBglj  ;  the  diamond  probably  coheres  with  no  less 
ibree,if  we  can  judge  fiott  tiB  hsfdnda;  and  the  co- 
liesioo  of  sulphur  is  also  great*    The  sapphire  or  crjrs- 
tnlliEed  alumina,  and  rock  ctystal  or  crjstalliaed  silica, 
titt  always  Tery  hard.     In  the  metals  the  cohesion  is 
-^^ttj  tiften  increased  considerably  by  aUoyiog  them  to** 
^either.     Thus  die  cohesion  of  copper  is  doubled  by  aU' 
loying  it  with  one-sixth  of  its  weight  of  tiu,  though  the 
oohesion  of  the  tin  is  scarcely  one-sijcth  of  that  of  the 
copper.     The  cohesion  of  metds  is  greatly  increased  by 
ibrging  them,  and  by  drawing  them  otit  into  wire.     By 
this  last  operation  . gold,  silrer,  and. brass,  have  their 
cohesion  nearly  tripled ;  copper  and  iron  more  than 
doubled. 


SECT.  II, 


OF  CRTSTALLIZAIVOK. 


XUZ  word  crystal  (^^t^rUxKoi'^  originally  signified  Ue i 

hot  it  wus  afterwards  applied  by  the  ancients  to  crystal- 
U«ed  silica^  or  Toci  crystal ;  because,  as  Fliny  informs 
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Bqo^^'^^\  u%,  they  considered  that  bodj  ss  nothiag  else  thsa  vi. 
tcr  congealt  d  by  the  actiop  of  cold.  Chemisti  iftn 
wards  applied  the  word  to  all  transpareot  bodies  sfi 
regular  shape  ;  and  at  present  it  is  employed  to  dcnofe^ 
in  general,  the  regular  figures  which  bodies  smw 
when  their  particles  have  full  libeitj  to  coinfaineae. 
cording  to  the  laws  of  cohesion*  These  regular  bofa 
occur  very  frequently  in  the  mioerml  kingdon\  fd 
have  long  attracted  attention  on  account  of  their  grta 
beauty  and  refrularity.  By  far  the  greater  number  d 
the  salts  assume  likewise  a  crystalline  form;  aodii 
these  substances  are  mostly  soluble  in  water,  we  bsit 
it  in  our  power  to  give  the  regular  shape  of  crystsliis 
some  measure  at  pleasure. 

1.  Most  solid  bodies  either  occur  in  the  state  of  crystdii 
or  are  capable  of  being  made  to  assume  that  form.  Nov 
it  has  long  been  observed  by  chemists  and  mineralogiim 
that  there  is  a  particular  form  whjch  every  iodividnil 
substance  always  affects  when  it  crystallizes :  this  is* 
deed  is  considered  as  one  of  the  best  marks  for  distis* 
guishing  one  substance  from  another.  Thus  commao 
salt  is  observed  to  assume  the  shape  of  a  cube,  and  s- 
lum  that  of  an  octahedron,  consisting  of  two  four-sided 
pyramids,  applied  base  to  base*  Saltpetre  affects  the 
form  of  a  six-sided  prism;  and  sulphate  of  magnesia 
that  of  a  four- sided  prism  ;  and  carbonate  of  lime  is  of- 
ten found  in  the  state  of  a  rhomboid.  Not  that  every 
individual  substance  always  uniformly  crystallizes  is 
the  same  form  ;  for  this  is  liable  to  considerable  vans- 
tions  according  to  the  circumstances  of  the  case :  bnt 
there  are  a  certain  number  of  forms  peculiar  to  every 
substance,  and  the  crystals  of  that  substance,  in  every 
case,  adopt  one  or  other  of  these  forms,  and  nootberi 
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when  crjsiallizAd,  h»  alwayi    Ckap.  iv. 
]e  ur  Dclihedton,  or  tome  figure 


^Wd  thui  common  sal 

L     aitfacr  the  figure  of  a  c 
ralucible  lo  these. 

.  3.  As  iJie  panicles  of  bodies  rrusl  be  at  liberty  lo 

move  before  (hcv  crystallize,  ir  li  obvious  rfiai  we  can- 
not reduce  ativ   bodif*  <o  ihc  stale  ol  crjrsials,  except 

^   tb"M  which    we  arc   able  to  make  Quid.     Now  there   „       , 
El  ...  Crtitali 

P    4re  two  ways  of  reiideiing  bodies  fluid,  namely,  tola-   faimcd  I 

*    lion  in  a  liquid,  and  fusion  by  beai.     These  of  courie 

^    Mre  the  only  methods  of  forming;  crysuh  in  our  power. 

^  ^luiion  is  ihe  common  method  of  crysialliting  salts.  3^1^-^ 
They  are  dissolved  in  the  wairr  :  the  waier  is  slowly 
tivaporated,  ihe  saline  particles  gradually  approach  each 
ether,  combint^  together,  and  form  small  crystals  i  which 
become  constantly  larger  by  the  adilliion  of  other  parti« 
cle«t  <il'  B'  '<t^'  '^7  f^'l  ^7  iheir  gravity  to  the  boltom 
of  the  TCisel.  Ii  ought  to  be  remarked,  however,  that 
there  are  two  Iciiids  of  solution,  ench  of  which  presents 
different  phenomena  of  crystalliKaiion.  Some  salts 
disfiolve  it)  rery  small  proportions  in  coU  water,  but 
are  TCry  solttble  in  hoi  water  ;  that  is  10  say,  water  at 
the  common  temperature  has  liiile  effect  upon  them, 
but  water  combined  with  caloric  dissolves ibem  riwidily- 
When  hot  water  saturated  wiih  any  of  these  salts  cools, 
it  becomes  incapable  of  holdii>g  them  in  solution  :  the 
consequence  of  which  is,  that  the  sahne  particles  gra. 
dually  np]>roach  each  niber  and  crystailiie.  Sulphate 
of  soda  i«  a  salt  of  ifais  kind.  To  crystallize  such  sails, 
nothing  mote  is  necessary  than  to  sanitate  bot  water 
with  ihem,  and  set  it  by  to  cool.  But  were  we  to  at- 
tempt lo  crystallize  ihcm  by  evaporating  the  hoi  water, 
we  should  not  succeed  j  nothing  would  be  procured  but 

\      »  sbtjxieu  mass.     Maa^  of  the  salts  which  fallow  this 
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BMk  m.    law  of  crjitailisatioii  ctNiibiiie  with  a  great  dad  •(•n 
"^"^^"""^    tcr  I  or,  which  is  the  same  thing,  niftnj  crystals  iatmi 
in  this  manner  contain  a  great  deal  o£  waler  of  crjtfak 
liaation. 

There  are  other  salts  again  which  nre  nenrly  cqari^ 
soluble  in  hot  and  cold  water ;  coasmoe  aalc  £or  intta a. 
It  is  evident  that  such  salts  cannot  be  crjscaUiied  ly 
cooling ;  but  they  cry stdlize  very  well  by  evapaniii| 
their  solution  while  hot.  These  salts  generally  coaiii 
but  little  water  of  crystallization. 
FuiMo.  There  are  many  substances,  howcfver,  neither  seUk 

in  water  nor  other  liquids,  which,  notwithstanding^  m 
ctpable  of  assuming  a  crystslline  form.  This  is  tht 
esse  with  the  nietsls,  with  glass,  and  some  other  bodies. 
The  method  employed  to  crystalliae  thena  imymim^ 
which  is  a  solution  by  means  of  calonc.  By  this  as- 
thod  the  particles  sre  separated  from  one  another ;  ssi 
if  the  cooling  goes  on  gradually,  they  are  nl  libcr^  to 
srrange  themselves  in  regular  crystals. 

3.  To  obtain  Urge  artificial  crystals  of  n  regvlit 
shape,  requires  considerable  address  and  much  patieal 
attention*  This  curious  branch  of  practical  chemisliy 
has  been  much  improved  by  Mr  Leblanc  ;  who  has  sot 
only  succeeded  in  obtaining  regular  cryatals  of  almott 
any  size  at  pleasure,  but  has  made  many  interesting  ob- 
servations on  crystallization  in  general  *.  His  method 
is  as  follows :  The  salt  to  be  crystallized  is  to  be  diu 
solved  in  water,  and  evaporated  to  such  a  consistesc/ 
that  it  shall  crystallize  on  cooling.  Set  it  by,  and  wbea 
cpiite  cold  pour  the  liquid  part  off  the  mass  of  crystsls 
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althebottofn^  and  pot  it  ioto  a  fliUbottomed  vcsntL    ^^P*^- 

Solitarj  crystals  form  at  some  distaoce  froin«ach  othtr^ 

^ad  these  may  be  observed  gradually  increasing.     Pick 

out  the  most  regular  of  these,  and  put  them  into  a  fiaU 

bottomed  vessel  at  some  distance  from  each  other,  and 

pour  over  them  a  quantity  of  liqaid  obtained  in  the 

same  way,  by  evaporating  a  solution  of  the  salt  till  it 

oryatalliies  on  cocking.     Alter  the  position  ofcvi^/ 

crystal  once  at  least  every  day  with  a  glass  rod,  that  all 

the  faces  may  be  alternately  exposed  to  the  action  of  the 

liquid :  for.  the  fiice  oa  which  the  crystal  rests  never 

receives  any  increinent.     By  this  process  the  crystals 

gradoaily  increase  in  siae.     When  they  have  acquired 

aoch  a  magnitade  that  their  form  can  easily  be  distin^ 

goishedy  the  most  regular  are  to  be  chosen,  or  thdse 

having  the  exact  shiipe  which  we  wish  to  obtain  ;  and 

each  of  them  is  to  be  put  separately  in  a  vessel  filled 

ivith  a  portion  of  the  same  liquid,  and  tttmed  in  the 

same  <manner  several  times  a*day.     By  this  treatment 

tbey  may  be  obtained  of  almost  any  size  we  think  pro« 

per*     After  the  crystal  has  coattnued  in  the  liquid  iot 

m  certain  time,  the  quantity  of  salt  held  in  solution  be« 

comes  so  much  diminished,  that  the  liquid  begins  to  act 

upon  the  crystal  and  redissolye  it.     This  aotioB  is  first 

periceptible  on  the  angles  and  edges  of  theccystal.    Tbejr 

become  blunted,  ami  gradaaliy  lose  their  shape  alto« 

gicther*     Whencfrcr  this  begins  to  be  perceived,  the  Iju 

quid  must  be  poured  off,  and  a  portion  of  npw  Uqnidput 

in  its  place ;  otherwise  the  crystal  is  infoUibly  destroy** 

ed.  Mr  Leblaue  has  observed,  that  this  singular  chaogd 

begins  first  at  the  surface  of  the  liquid,  and  extends 

gradually  to  the  bottom  ;  so  that  a  crystal,  if  large,  may 

be  often  perceived  in  a  state  of  increase  st  its  lower 
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Book  IIL    end,  while  it  is  disappearing  at  its  npper  eztremitj.  Mi 
tieblanc  even  affirms  that  saline  solutions  almost  alwiji 
increase  in  density  according  to  their  depth  from  thi 
surface. 
Nature  of         5.  The  phenomena  of  crystallization  seeoi  to  hare  «• 
^^     '*'    tracted  but  little  of  the  attention  of  the  ancient  philoM. 
phers.     Their  theory,  indeed,  that  the  elenaents  of  W 
dies  possess  certain  regular  geooietrical  figures,  mgj 
have  been  suggested  by  these  ^pbenomeoa  ;  but  we  tn 
ignorant  of  their  having  made  any  regular  attempt  to 
»  explain  them.     The  schoolmen  ascribed  the  regular (• 

gure  of  crystals  to  their  substantial  forms;  without  gi- 
ving themselves  much  trouble  abou  t  explaining  the  mess* 
ing  of  the  term.     This  notion  was  attacked  by  Bojk; 
who  proved,  that  crystab  are  formed  by  the  mere  ig. 
gregation  of  particles  '*.  But  it  still  remained  to  explsii^ 
why  that  aggregation  took  place ;  and  why  the  parti, 
cles  united  in  such  a  manner  as  to  form  regular  figures^ 
The  aggregation  is  evidently  the  consequence  of  that 
attractive  force  which  has  been  examined  in  the  last 
Section.     But  to  explain  the  cause  of  the  regular  figurei 
is  a  more  difficult  task.     Newton  has  remarked,  that 
the  particles  of  bodies,  while  in  a  state  of  solution,  are 
arranged  in  the  solvent  in  regular  order  and  at  regular 
distances;  the  consequence  of  which  must  be,  that  when 
the  force  of  cohesion  becomes  sufficiently  strong  to  se- 
parate them  from  the  solvent,  they  will  naturally  com- 
bine in  groups,  composed  of  those  particles  which  are 
nearest  each  other.     Now  all  the  particles  of  the  same 
body  must  be  supposed  to  have  the  same  figure  ;  aod 
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^Hw  combination  of  it  determinate  number  of  sitnibr  bo-  Chap,  iv 
(Bes  roust  produce  similar  figures.  Hauy  has  mad«  it 
excfcdiiiglj  probable  tlwt  these  iniegrant  particles  al- 
ways combine  in  the  same  body  in  tbe  tame  wayr  that 
U  to  saj,  tbat  the  same  faces,  or  ih«  same  edges,  alwaja 
ittach  themselves  togciher  ;  but  that  these  difTer  to  dif- 
ferent crystals.  This  can  scarculjr  be  accoumed  for, 
without  supposing  that  tlie  particles  of  bodies  arc  en- 
dowed with  a  certain  polarity  which  makes  them  at- 
uact  one  p!4Tt  of  another  particle  and  repel  (he  other 
parts.  This  polarity  wculd  csplain  the  regularilj  of 
crystallization  ;  but  it  is  iisetf  inexplicable. 

It  is  remarkable  thai  crystals  not  only  assume  regu- 
lar figures,  but  are  always  bounded  by  plane  surfaces. 
It  is  very  rarely  indeed  that  curve  surfaces  are  obser- 
ved in  these  bodies  i  and  when  they  are,  the  crystals 
always  give  unequivucal  proofs  of  imperfection.  But 
this  constant  tendency  towards  plane  surfaces  is  iucan- 
ccivable,  unless  the  panicles  of  which  the  crystals  axe 
composed  are  themselves  regular  figures,  and  bouaded 
by  plane  surfaces. 

6,  If  the  figure  of  crystals  depends  upon  the  "Egurc 
of  their  integrant  particles,  and  upon  the  mamiec,ui 
which  ihey  combine,  it  is  reasonable  to  suppose  that 
the  same  panicles,  when  at  full  liberty,  will  always 
combine  in  the  same  way,  and  consequently  that  tbe 
crystals  of  every  particular  body  will  be  always  the 
»ame.  Notlitng  at  first  sight  can  appear  farther  from 
the  truth  than  this.  The  different  forms  which  the 
crystals  of  the  same  body  assume  are  often  very  nume- 
rous, and  exceedingly  different  from  each  other.  Car- 
boBate  of  lime,  for  instance,  has  been  observed  crystalli- 
zed ta  no  fcwec  than  forty  dilT^-reni  foTiQs,  fluate  of  lime 
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^'^  ^^^   in  tight  different  forms,  and  sulphate  of  lims  in  narl? 
an  equal  number. 

•But  this  inconsistencj  is  not  so  great  as  might  at  fint 
sight  appear.  Rom6  de  Lisle  has  shown  that  ercrj 
body  susceptible  of  crjstanization  has  a  particular  bra 
which  it  most  frequentlj  assumes,  or  at  least  to  wkiA 
it  most  frequentlj  approaches.  Bergman  has  devMn. 
stratedy  that  this  primitive  form,  as  Hanj  has  called  it, 
very  often  lies  concealed  in  those  rerj  crystals  whick 
appear  to  deviate  farthest  from  it.  And  Hauy  has  de- 
monstratedy  that  all  crystals  either  hare  this  primitin 
form,  or  at  least  contain  it  as  a  nucleus  within  theaii 
for  it  may  be  extracted  out  of  all  of  them  by  a  skilfol 
mechanical  division. 

Happening  to  take  up  a  hexangular  prism  of  calesre- 
ous  spar,  or  carbonate  of  lime,  which  had  been  detached 
from  a  group  of  the  same  kind  of  cry  stals,  he  obsenrcd 
that  a  small  portion  of  the  crystal  was  wanting,  and  thtt 
the   fracture  presented   a  very  smooth  surfiace.    Let 
ah  c  d  efg  b  (fig.  15.)  be  the  crystal ;  the  fracture  lay 
obliquely  as  the  trapazium  p  s  u  t^  and  made  an  angle 
of  155**,  both  with  the  remainder  of  the  base  a  b  c  sph 
and  with  t  u  ef^  the  remainder  of  the  side  /  n  tf.     Ob- 
serving that  the  segment^  s  u  t  i  n  thus  cut  off* had  for 
its  vertex  f  n,  one  of  the  edges  of  the  base  ah  c  n  i  b<A 
the  prism,  he  attempted  to  detach  a  similar  segment  in 
the  part  to  which  the  next  edge  c  n  belonged  ;  employ- 
ed for  that  purpose  the  blade  of  a  knife,  directed  in  the 
same  degree  of  obliquity  as  the  trapezium  p  s  u  ty  and 
assisted  by  the  strokes   of  a  hammer.     He  could  not 
succeed  :  But  upon  making   the  attempt  upon  the  nert 
edge  h  r,  he  detached  another  segment,  precisely  similar 
to  the  first,  and  which  had  for  its  vertex  the  edge  b  f, 


Hb  cautd  produce  no  effect  oa  tlw  mm  edge  a  h  ;  but  ^Char^  ty._ 
&on  the  next  followiag,  a  £,  he  Cut  B  segment  similac 
to  the  other  two.  The  sixth  edge  likewise  prm-edre- 
fraclory.  He  then  went  lo  the  other  base  of  (he  priun 
^  '  fS  ^  **•  "111  found,  thai  the  edges  which  sdmilled 
sections  similar  la  the  preceding  vnes  were  not  the 
edgei  e/,  li  r,  g  i,  corresponding  wiih  those  which  had 
been  found  divisible  ai  the  apposite  base,  but  the  inter- 
mediate edges  d  e,  kr,g  f.  The  trapetiuin  Iq y  ^  re- 
preseots  the  section  of  the  segment  which  had  k  r  for 
it)  vertex.  This  section  was  evidently  parallel  to  the 
Mclion  p  t  u  I  ;  and  the  other  four  sections  were  also  pa- 
rallel two  and  two.  These  secitons  were,  without 
doabt,  the  natural  joinings  of  the  layers  of  the  crystal ; 
and  he  easily  succeeded  in  making  others  parallel  to 
them,  without  its  being  possible  for  him  to  divide  the 
crystal  in  any  other  direction.  In  this  manner  he  de- 
lacbcd  layer  af?er  layer,  approaching  always  nearer  and 
nearer  the  axis  of  the  prism,  till  at  last  the  bases  dis- 
appeared altogether,  and  the  prism  was  converted  into 
a  solidOX  (fig,  le.},  terminated  by  twelve  peniagons, 
parallel  two  and  two  ^  of  which  those  at  the  extremi- 
ties, that  is  to  sav,  ASRIO,  IGEDO,  BAODC  at  one 
end,  atid  FKNPii.  MNPXU,  ZQPXY  at  the  other, 
were  the  results  ormechanicRl  division,  and  had  Iheic 
common  vertices  O,  P  situated  at  the  entrance  of  the 
bases  of  the  original  prism,  l^he  six  lateral  pentagons 
RSUXY,  ZyRIG,  &c.  were  the  remains  of  the  six 
sides  of  the  original  prism. 

By  continuing  sections  parallel  to  t^e  former  ooe^ 
tlie  lateral  pentagons  diminished  in  length  -,  and  at  last, 
the  points  R,  G  coinciding  with  the  points  Y,  Z,  the 
points  S,  R  with  tbt  pointa  U,  T^  8i«.  thert  temoincd 
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,  Bftok  lit,  nothing  of  the  lateral  pentagoos  but  the  triangles  TIZ| 
UXY,  &c.  (fig.  17.)  B7  oootinuing  the  same  aeaioi^ 
these  triangles  at  last  disappeared^  and  the  prism  vn 
converted  into  the  rhoniboid  a  e  (fig.  16«) 

So  unexpected  a  result  induced  hina  to  make  the  suie 
attempt  upon  more  of  these  crystals  ;  and  he  found  Unt 
all  of  them  could  be  reduced  to  similar  rhomboid?*  He 
found  also,  that  the  crystals  of  other  substances  cooU 
be  reduced  in  the  same  inanner  to  certain  primitive 
forms ;  always  the  same  in  the  same  substances,  bm 
every  substance  having  its  own  peculiar  form.  The 
primitive  form  of  fluate  of  lime,  for  instance,  was  an  oc- 
tahedron ;  of  sulphate  of  barjtcs,  a  prism  with  rbomboi* 
dal  bases ;  of  felspar,  an  oblique  angled  parallelopipcdy 
but  not  rhomboidal  \  of  adamantine  spar,  a  rhomboid| 
somewhat  acute  }  of  blende,  a  dodecahedron,  with  rhoni* 
boidal  Sides  ;  and  so  on. 

Tliese  primitive  forms  must  depend  upon  the  figure 
of  the  integrant  particles  composing  these  crystals,  snd 
upon  the  manner   in  which   they  combine    with  each 
other.     Now,  by  continuing  the  mechanical  division  of 
the  crystal,  by  cutting  off  slices  parallel  to  each  of  its 
faces,  we  must  at  last  reduce  it  to  so  small  a  &ixc  that  it 
Inte|{rant      shs>ll  contain  only  a  single  integrant  particle.     Conse* 
thrcTfi- °     qucnily  this  ultimate  figure  of  the  crystal  must  be  the 
V^^**  figure  of  the  integrant  particles  of  which  it  is  compo- 

sed. TliC  mechanical  division,  indeed,  cannot  be  conti- 
nued so  far,  but  it  may  be  continued  till  it  can  be  de- 
monstrated that  no  subsequent  division  can  alter  its  fi- 
gure. Consequently  it  can  be  continued  till  the  figore 
which  it  assumes  is  similar  to  that  of  its  integrant  par- 
ticles. 

Hauy  has  found  that  the  figure  of.  the  integrant  par- 
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lUes  of  bodies,  as  far  u  experiment  bas  gone,  may  be     Chip.  IV. 
Fedaced  to  three  -,  namely. 

The    parallclopiped,  the  simplest  of  the   solids, 
vbose  faces  are  six  in  number,  and   parallel  two  and 
o. 

2.  The  triangular  prism,  the  simplest  of  prisms. 

3.  The  tetrahedron,  the  simplest  of  pyramids.  Eveii 
this  small  number  of  primitive  formi,  if  we  consider 
Ihe  almost  endless  diversity  of  site,  proportion,  and 
idensiiy,  to  which  panicles  of  different  bodies,  though 
tbey  have  the  same  figure,  may  still  be  liable,  will  be 
found  fully  sufEcient  lo  account  for  all  the  dificrenccs 
iin  cohesion  and  heterogeneous  affinity,  without  having 
"recourse  to  different  absolute  forces. 

These  integrant  panicles,  when  they  unite  to  form 
the  primitive  crystals,  do  not  always  join  together  in 
the  same  way.  Sometimes  they  unite  by  their  fates, 
and  at  other  times  by  ihtir  edges,  leaving  considerable 
vacuities  between  each.  Tins  explains  why  integrant 
panicles,  though  they  have  the  same  form,  may  com- 
pose primitive  crystals  of  different  SgurLS. 

Mr  Hauy  has  asceitaiied   that   the  prilhitivc  forms    Primiiii* 
of  crystals  are  six  in  number  ;  namely,  l^mtuK 

1,  The  parallelopiped,  which  includes  the  cube,  the 
rhomboid,  and  all  solids  lerminaicd  by  six  ^ces,  paral- 
lel two  and  two. 

2.  The  regular  tetrahedron. 

S.  The  octahedron  wiih  triangular  faces. 

4.  The  six-sided  prism. 

5.  The  dodecahedron,  terminRlcd  by  rhombs. 

6.  The  dodecahedron,  with  isosceles  triangular  faces. 
'  Each  of  these  may  be  supposed  to  occur  as  the  pri. 
nutive  form  or  the  nucleus  in  a  vatiety  of  bodJcsj  but 
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those  oolj  which  «re  regular^  at  the  cube  and  the  oct^ 
hcdroo,  htve  hitherto  beta  SmumI  in  tii|r  contiienik 
oamber. 

But  bodxetf  when  crysttUizedy  do  not  mlwajs  aypni 
in  the  primitive  form  ;  tome  of  th>  m  indeed  Tcrj  idi 
doQ  affect  that  form ;  and  all  of  them  have  a  tectui 
latitude  and  a  certain  number  of  forms  which  thej  «> 
ftume  occasionally  as  well  as  the  primitive  foras.  Tbtt 
the  primitive  form  of  fluate  of  lime  is  the  octahedna^ 
but  that  salt  is  often  found  crystall'zed  in  cabei^  ta 
rhomboidal  dodecahedrons,  and  in  other  forms.    Al 
these  different  forms  which  a  bodj  assumes^  the  prinu* 
tive  excepted^  have  been  denominated  bj  Hany  iicas- 
dary  formic     Now  what  is  the  reason  ef  this  latitude 
in  crystalli&ing  I  wh/  do  bodies  assume  so  often  that 
secondary  forms  ? 

7.  To  this  it  may  be  answered  : 

ist^  That  these  secondary  forms  are  sometimes  ow. 
ing  to  variations  in  the  ingredients  which  compose  the 
integrant  particles  ot  any  particular  body.  Alum,  for 
instance,  crystallizes  in  octahedrons;  but  when  aqoao* 
tity  of  alumina  is  added,  it  crystallixes  in  cubes ,  tod 
when  there  is  an  excess  of  alumina,  it  does  not  crystal* 
lize  at  all.  If  the  proportion  of  alumina  varies  betweea 
(hat  which  produces  octahedrons  and  what  produca 
cubic  crystals,  the  crystals  become  figures  with  fonr* 
teen  sides ;  six  of  which  are  parallel  to  those  of  the 
cube,  and  eight  to  those  of  the  octahedron ;  and  accord* 
ing  as  the  proportions  approach  nearer  to  those  which 
form  cubes  or  octahedrons,  the  crystals  auume  more  or 
less  of  the  form  of  cubes  or  octahedrons •  What  is  stiO 
more,  if  a  cubic  crystal  of  alum  be  put  into  a 
that  would  afford  octahedral  crystalsj  it  paaifi  a 
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octahedron  :  and»  on  the  other  hand,  an  octahedral  cry-    ^*V'  ^- 
ftttU  put  into  a  solution  that  would  a£Pord  cubic  crystals 
becomes  itself  a  cube  *•     Now^  how  difficult  a  matter 
it  ia  to  proportion  the  different  ingredients  with  abso- 
lute exactness  must  appear  evident  to  alh 

2d,  The  secondary  forms  are  sometimes  owing  to  fatheiol. 
the  solvent  in  which  the  crystals  are  formed.  Thus  if 
ocmunon  salt  be  dissolved  in  water,  and  then  crystalli* 
iMd,  it  assumes  the  form,  of  cubes ;  but  when  crjstalli-> 
Md  in  urine,  it  assumes  the  form,  not  of  cubes,  but  of 
rsgular  octahedrons.  On  the  other  hand,  muriate  of  am<» 
inonia,  when  crystallized  in  water,  assumes  the  octa- 
hedral form,  but  in  urine  it  crystallizes  in  cubes  f  • 

3^,  But  even  when  the  solvent  is  the  same,  and  the 
proportion  of  ingredients,  as  far  as  can  be  ascertained, 
exactly  the  same,  still  there  are  a  variety  of  secondary 
forms  which  usually  make  their  appearance.  These 
secondary  forms  have  been  happily  explained  by  the 
theory  of  crystallization,  for  which  we  are  indebted  to 
the  sagacity  of  Mr  Hauy  ;  a  theory  which,  for  its  in* 
gemiity,  clearness,  and  importance,  must  ever  rank  high, 
and  which  must  be  considered  as  one  of  the  greatest  ac- 
quisitions which  mineralogy,  and  even  chemistry,  hare 
hitherto  attained. 

According  to  this  theory,  the  additional  matter  which  Tq  the  di^ 

envelopes  the  primitive  nucleus  consists  of  thin  slices  ^^'^^  ^  - 

'^  ^  ^  crements  of 

or  layers  of  particles  laid  one  above  another  upon  the  the  cry^l- 
fiaces  of  that  nucleus,  and  each  layer  decreasing  in  size, 
in  consequence  of  the  abstraction  of  one  or  more  rows 
of  integrant  particles  from  its  edges  or  angles. 
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■hiRned  are  exceedingly  small,  almost  impf  rcf  ptible ;     C 

l^Aat  therefore  a  vast  nun  brr  ol  laminsE  aic   required  lo 

l^ibriD  llie  pyiamids,  and  conscijUfntly  ihar  t)ie  cl'arnelt 

(.which  iheyform  are  imperceptible.     Now  DCBE  (fij;. 

k.ft4-}  being  ihe   pyramid  lesling   upon  ihe  lace  AB(-^D 

^1(Bg.  10.),  and  CBOG  {6^.  24.)  ihe  pyrainid   applied 

^lo  the  next  face  BCGH  (fig.  19.),    if  wc  consider  ihat 

U  every  thing  is  unifarm  from  E  lo  O  (fig.  2i.),  in  ihe 

^ntanner  in  which  the  edges  of  ihe  Jamina  of  luperpoii- 

1^  /MM  (as  the  Abbe  Hauy  calls  the  laminse  wliich  compose 

tfce  pyramids)  mutually  project   beyond  each  other,  it 

^  will  readily  be  conceived  that  the  tact  CEB  of  the  first 

pyramid  ought  to  be  exactly  in  the  same  plane  with  the 

face  CQU  ot  the  adjacent  pyramid  ;  and  that  therefore 

1  the  two   faces  together  will  form  one  rhomb  ECOfi. 

But  all  the  sides  of  ihe  six   pyramids  amount  to  24 

tiiatigles  similar  to  CEB  ;  conse<jaen(!y  they  will  form 

12  rhumbs,  and  the  figure  of  th«  whole  crystal  will  be 

s  dodecahedron. 

Thus  we  see  tbal  a  body  which  has  the  cube  for  the 
primitive  form  of  ilscrysials,  m-iy  have  a  dudccalicdron 
for  its  secondary  form.  The  loimaiion  ot  secondary 
ciyaials,  by  the  superposition  of  lamii  x  grMdoally  de- 
creasing in  size,  was  first  pointed  out  by  Bci^man. 
But  Hauy  has  carried  the  subject  much  farther :  He  has 
not  only  ascertained  all  the  diffrent  ways  by  which 
thcie  deciemciis  of  the  Iamii,x  may  take  place,  but 
pointed  out  (he  method  of  calculati"g  all  the  possible 
variety  of  itecondary  lorms  wliitli  can  result  Iroai  a  gi- 
ven primii  vc  loim  j  and  consequently  ul  asccna  ning 
whether  or  not  any  given  crystal  can  be  the  secondary 
iutm  of  a  given  spece--. 

The    decrements  of  the    lamiuK    which    cover    the 
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kinds. 

1.  Decrements  on  the  edges  s  that  is,  <m  the  edgarf 

the  slices  which  correspoad  with  the  edges  of  thei^ 
mitive  nucleus. 

2.  DecremenU  am  the  MgUe  /  that  ia  to  aaj,  pinUa 
the  diagonals  of  the  faces  of  the  priflsitive  nudcai. 

3.  Intermediate  decrements  i  that  is  ta  aaj,  pwaOdH 
lines  simaied  obliquelj  between  the  diagonals  and  djp 
of  the  faces  of  the  priniitive  nucleos. 

4*  Mixed  decrements.  In  these  the  saperiocnaboc 
slices,  instead  of  having  onljr  the  ihackocss  of  one  iol^ 
grant  piiniclc,  have  the  thickness  of  two  or  more  iito* 
grant  particles  ;  and  the  decrement^  whether  pardUto 
the  edges  or  angles,  consists  not  of  the  ahstractioB  of 
one  row  of  particles,  but  of  two  or  more..  Haujdi. 
notes  these  decreooents  hj  fractions,  in  which  the  sd- 
merator  indicates  the  nomber  of  rows  of  particles  whid 
constitutes  the  decrement,  and  the  denominator  repre- 
sents  the  thickness  of  the  laminse.  Thus  y  denotes  la- 
mina; of  the  thickness  of  three  integrant  particles,  de- 
creasing by  two  rows  of  particles. 

An  example  of  the  first  law  of  decrement,  or  of  de- 
crement on  the  edges f  has  been  given  above  in  the  conver- 
sion of  the  cubic  nucleus  to  a  rhomboldal  dodccabedroD. 
In  that  example  the  decrement  consisted  of  one  row  of 
particles,  and  it  took  place  on  all  the  edges.  But  these 
decrements  may  be  more  rapid  ;  instead  of  one,  thcj 
may  consist  of  two,  three,  four»  or  more  rows :  and  in- 
stead of  taking  place  on  all  the  edges,  thejr  may  be  con- 
fined to  one  or  two  of  them,  while  no  decrement  at  sll 
takes  place  on  the  others.  Each  of  these  diflerent  aw- 
difications  must  produce  a  different  seeoodarj  cfystsl. 


I.  Decre- 
ments on 
the  edges. 
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|BM>ilcs  tbi\  the  Inniinc  may  e«i«e  to  bf  tiiei  knftn    Gh*p-*V< 
tbty  have  r«3cti«d  tticinisallm  posMbU  size  ;  ttie  con- 

-  Wqumtcc  of  which  eiuitbe  a  diffi^reni  leeondstry  form. 
T^m,  in  the  cicample  given  above,  if  the  wperposili«r 
of  lamirv  h*d  cca&rd  before  the    pyramids  were  C0|»- 

^  fil«t«d,  the  crystal  would  have  comisteil  of  i«  fNCca,  < 

•qoares  parallel  to  the  faces  of  the  primitive  nncteiis, 

*ai  1  i  heitihedroTi*  paraliel  lo  the  fece*  of  the  tceonds- 

ry  iodecahedroti.      This  is  ihc  figure  of  the  borate  of 

raagneiin  found  at  Luticburg. 

The   second    law   in  wbich   the   decrenwBt  is  on  tfce    iOtaa- 

mcnti  on 
sigict,  or  parallel  lo  the  diofrooals  of  the  lace*  of  iDe   the  uijlej. 

prifflilive  nudeui,  will  be  uodcratood  from  the  feilow- 

ing  example  :    Lei  it  be  proposed    to  cooKruct  voaai 

the  cube  ABGF  (fig,  25-),  consickred  hs  a  nucleus,  • 

•econdary  solid,   in  which  the  lamii)«e  of  sMperpoutian 

shstt  decrease  on  rH  sides  by  »iiigl«  rous  of  cube*,  btM 

in  a  direction  parallel  to  the  diagonals.     Let  ABCD 

(fig.  26.),  the  iuperior  base  of  the  nucleus,  be  divided 

into  fli    squares,  repieseniing   itic  facai  of  the  small 

Ctibcsof  w4iifh  it  is  composed.     Fig.  ST.  representstbc 

mpcrior  surface  of  the  first  lamina  of  super  position, 

Whicb  must  he  placed  above  AfiCD  ^(ig.  Kfi.)  in  ^uch 

«  manner,  ihai  the  points  a,  k,  <?,  4,  (£g.  ST.)  Bnsw«r 

to  tbe  points  a,  h,  c,  d  (fig.  2f>.)     By  this  dispostttoa 

(he  squares  \a,  B*,  Cr,  Drf  (fig.  S3.)  which  compose 

the  four  ouiermost  rows  of  squares  parallel  to  the  dia>- 

gOMis  AC,  BD,  remain  uncovrrcd.     It  is  evident  also, 

thctthe  borders  tjy,  ON,   IL,  GF.  (fig-  21)  project 

by  one  range  biyond  the  borders  AB,   AD,  CD,  BC 

(fig.  26.5,  which  is  necessary,  thai  the  nudeus  may  be 

Otveloped  towards  these  cfges ;   For  if  (Ivs  were  not 

the  case,  re-entering  sn^Tes  wotitd   be  formed  towards 


ftotros. 

~j»»k  UL     the  part!  AB,  RC,  CD,  OA  of  ihe  crrml;  i 

angles  appear  lo  be  excluded  by  ihe  laiv*  wbkkta 
mine  the  formniion  of  umplc  cr<r9tal9,  or,  wtuck  n 
to  the  SHine  ihing,  no  luch  angles  are  evrr  oinnrt 
any  crystal.      Tlic   solid  must  increase,    ihen,  int 
parts  to  which  the  decrcroeni  does  not  extend.     BaJ 
this  decretnenl  is  alone  sufiictent  to  determine  fbrlHl 
of  ihe  seondnr;  crjrsial,  we  may  Ml  aside  ill  tlie4 
vanaiiuns  wliich  iniei'venc  only  in  r  subsidiary  a 
ezcej't  when  ii  is  wished,  as  id  the  presem  cue,  (om 
struct  arTi(l(.'i:il1}r  a  solid  represrniaiion  of  a  crysti^J 
to  exhibit  all  the  details  which  relate  to  iu  sir 

The  siiprrioT  face  of  the  second   lamina  will  facA^ 
L'K'  (fig.  ;.'8.)'      I"  <«usl  be  placed  so    that 
a"  b"  c  ,  d    correspond   to   the   points  <a',  ^',  c',  rf,  (d 
ST.),  wbich  will  leave  uncovered  a  second  row  efn 
at   each  angle,   parallel  to   ihe  diagonals  AC   i 
The  solid  still  increases  towards  the  sides.      TIm  Ii 
faces  of  the  lamiosr  of  superposition,  which  in  iig.  ] 
were  octagons,  in   ft^.  ZB.   arrive  at   that  of  a  sqaifl 
and  when  they  pass  that  term  ihcy  decrease  oa  all  si 
so  thai  ihe   next  lamina   has  for   its   superior   face  i 
square  B  M'L'S'  (fig.    S0.),  less  by  one  range   in  en 
direction  than  the   preceding  lamina   (tig>  SS.). 
square   rtiiist   be   placed   so   thai   the   points  I't/t^A 
(fig.  29.)  correspond    to  the  points  t,/,  g,  h  (fig.  sill 
Figures  30,  31,  32,  and  33,   reprcscni  llie  four   Iu 
which   ought  Id  rise  successively  above  the  pre 
the  munner  ol  plating  them  being  pointed  out   bj  c 
responding  letters,  as  was  done  with  respect  lo  ibelkiv 
first  laniiiite.      The  last  lamina;  a'  (fig.  34.)  is  a  s; 
cube,  which  ought  to  be  placed  upon  the  square  9  (fa 
33.^ 
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RlaniinEB  of  superposition,  Ihus  applied  upon  the    Chap,  iv.^ 
BCD    (fig.  £«.),  evidently  produce  four  Itcts, 
correspoud  lo  the  points  A,  B,  C,  D,  and  forio 
nid.      These  faces  having    been   formed  by  la^ 
SUtiE,  which  began  by   increasing,  and   afterwards  de- 
GRaaed,  inu&t  he  quadrilaterals  of  the  figure  represented 
^^  fig.  35  i  in  which  the  inferior    angle  C  is  the  satoB 
point  with  the  angle  C  of  the  nucleus  (fig.  25-  and  26.)  j 
Mid   the    diagonal  LQ^  represents  L'G'  of  the  lamina 
A'G'L'K    (fig.    2B-).      And  as  the  number  of  laminw 
^  "  composing  the  triangle  LQC  (fig.  35.)  is  much  smaller 
^  than  that  of  the   lamins  forming  the  triangle  ZLQ,  it 
^'  Vt  evident  that  the  latter  triangle  will  have  a  much  great- 
*  Ct  height  than  the  former. 

k         The  surface,  then,  of  the  secondary  crystal,  thus  pro- 
^    diwed,  niusi  evidently  conust  of  24  quadrilatersils  (for 
ft     pyramids  are  raised  ou  the  otiier   five  sides  of  the  pri- 
I     faary  cube  exactly  in  the  same  manner),  disposed  three 
and  three  around  each  solid  angle  of  the  nucleus.     £at 
la  consequence  of  the  decrement  by  one  range,  the  three 
qnadri laterals  which   belong  to  each  solid  angle,  as  C 
(£g.  25.),  »in  be  in  the  same  plane,  and  will  form  an 
equilateral  triangle  ZIN  (fig.  3().).     The  24  quadrila* 
terah,  then,  will  produce  eight   equilateral  ttiaoglei ; 
and  consequently  the  secondary  crj'stals  will  be  a  regu- 
lar octahedron.     This  is  the  siruciure  of  the  octahedral 
&ulphurci  of  lead  and  of  muriate  of  soda. 

The  third  law  is  occasioned  by  the  abilraclioa  of  Third  and 
double,  triple,  &c.  particles.     Fig.  37.  exhibits  an  io.  cicmcnu. 


stance  of  the  subtractions  in  question  ;  and  it  is  seen 
tiial  the  moleculsB  which  compose  the  range  rcpreunt- 
ed  by  thai  figure  are  assorted  in  such  a  manner  as. if  at 
two  there  were  formed  only  one  i  so  that  we  need  only 


as 

Bookin.  to  conceive  Chr  crystal  composed  pt  pandUeppiii^ 
kftving  their  bates  equal  lo  the  small  reet^gkscic^ 
•  dfg^  h gil^  6cc.  to  reduce  thia  esse  lUMicr  tbirf 
lihe  commoD  decrementa  on  ihc  angles. 

Thia  particular  decremenr,  as  well  as  the  fowth  Isa, 
which  requires  no  farther  ezplanaiioOf  ta  oornacosi 
Indeed  Hauy  has  oi^ly  met  with  mixed  decnemcafe  is 
aome  metallic  crystals. 

These  difierent  laws  of  decrement  acoooat  for  d  ii 
di£fereot  forms  of  secondary  cr)  sials.  Bor  jn  ocds  to 
tee  the  vast  number  of  secondary  ^orma  which  may  is. 
ault  from  them,  it  is  necessary  to  attend  to  the  diffmsi 
snodifioations  which  result  from  chetr  acting  aeparatcif 
or  together.  These  modificaiions  maj  bs  fcdoped  a 
seven. 
Modifies-  !•  Tlie  decraments  take  place  aomettaaea  oa  aHdn 

l^e^ih^  •*8^»»  or  aU  the  aagles,  «  once. 

decrementt        g,  Sometimcf  only  on  certain  ed^^ea,  #r  eertaifl  m- 
•re  Mibject. 

S.  Sometimes  they  are  aniformy  and  eansisi  of  ooC| 
two,  or  aiore  rows. 

4*  Sometimca  they  vary  from  oae  edge  to  aaolher, 
•r  from  one  angle  to  another. 

5.  Sometimes  decrementa  en  the  adgea  and  angles 
lake  place  at  the  same  time. 

6.  Sometimes  the  same  edge  or  angle  is  aabjected 
successively  to  different  laws  of  decrement. 

7«  Sometimes  the  secondary  crystal  has  facea  parallel 
to  those  of  the  primitive  nucleus,  from  the  aoperpost* 
tion  of  laminae  not  going  beyond  a  certain  extent. 

Hence  Mr  Hauy  has  divided  secondary  forms  into 
two  kinds,  namely,  simple  and  comppund.  Simple  se- 
condary crystals  are  those  which  result  from  a  sin^ 
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tof  decrement,  nd  which  cnrirely  eoiiccal  the  piU    Cb*jkn 
e  nucleus.    Compoand  secon<lary  ciyMnli  ure  those 
>ul(  from  seveial  Uwsof  decrement  at  once,  or 

n  >  single  law  which  has  not  reached  tn  Itinit,  and 
Wfaich  of  coiirie  has  left  in  the  secordnry  cr^tal  fmees 
paniUel  to  those  of  the  primicive  nucleus. 

■  If  amidst  ih:E  diversity  of  laws  (observes  Mr 
Uatiy),  someiimes  insulntxd,  sntnciimes  united  bycoin- 
trinBtioii;  more  or  less  complex,  the  miniber  of  th« 
ranges  subincted  tvere  tiself  extremely  vaiiable  i  for 
example,  were  tiie«;  decrements  by  12,  20,  ^0,  or  4D 
ranges,  or  more,  ns  ttiight  absolnicly  be  possible,  the 
imtlliiude  of  the  imms  \vhi<h  might  exist  in  each  ivind  of 
mineral  would  be  iniinensc,  and  exceed  what  conld  be 
inisgined.  But  the  poiver  which  affects  the  subtrac- 
tions seems  to  have  a  very  limited  action.  These  SHb> 
tractions,  for  the  ntosi  part,  take  place  by  one  or  [wo 
ranges  ot  molecules.  I  have  found  none  which  exceed* 
ed  fonr  riinges,  except  in  a  vsriciy  of  calcareous  spar, 
forming  put  of  the  collection  of  Giilct  Laumont, 
the  sirucinre  of  which  depends  on  a  decretiKat  by  »ix  < 

rsDgcs  i  so  that  if  there  exist  laws  which  cKcccd  tlie 
decrements  by  four  ranges,  there  is  reason  to  bdiei-e 
that  they  rarely  rake  place  in  nalurr.  Yd,  noiwith. 
■tanding  these  narrow  limits  by  which  the  lawsof  orys- 
taUtzatioa  are  circumscribed,  I  h&ve  tound,  by  confining 
myself  to  two  of  the  simplest  laws,  thai  is  to  say,  tho«e 
which  produce  EubtractioDs  by  oae  or  two  ranges,  ihu 
calcareous  spar  is  susceptible  of  S044  different  forme  ; 
a  liumberwhich  excctds  more  than  50  limes  that  of  ibe 
iorms  already  Icnowo  :  and  if  we  admit  into  the  combi- 
nation decrcmeats  by  three  and  four  ranges,  cRloulation 
will  give  S,388,604  possible  forms  iu  regard  to  the  same 


substance.  This  number  may  be  (fill  vcr^  modi  t^ 
meoted,  in  consequence  of  decrements  cillicr  niiit4« 
inicrmediary. 

"  The  auiae  remarked  on  ihc  turface  of  a  mnlticndti 
crystals  afTord  a  new  proof  in  favour  of  theorjr,  ts  ill 
always  have  directions  parallel  to  the  projecting  tA 
of  tho  lamins  of  su|]crposiiion,  wliicb  inuiuallj  go  h 
yond  each  other,  nnless  they  arise  from  aonte  paiunil 
want  of  regularity.  Not  that  the  iaequalitiet  re»Itii 
from  the  decrements  must  be  iilways  sensible,  snpf 
sing  the  form  of  the  crystals  had  always  that  degreed 
finishing  of  which  it  is  susceptible  ;  for,  on  account  I 
the  extreme  mtnulencas  of  ihe  molecules,  the  sntf 
would  appear  of  a  beautiful  polish,  and  the  striae  v 
elude  our  sen&e>.  Ihcre  are  ifiereforc  secondary  c 
■tals  where  they  are  not  at  all  ob&crved,  while  ibey  a 
very  visible  in  other  crystals  of  the  same  nature  t 
form.  In  the  Uiicr  case,  the  action  of  tbc  cair 
which  produce  crystalltiLation  not  having;  fiiUy  nqoj 
all  the  conditions  necessary  for  perfecting  ihil  >o  de 
calc  operation  of  nature,  ifacre  have  been  starts  md  ii 
Icriuptionii  in  their  progress  i  to  thai,  the  law  of  < 
nuity  not  having  bicu  exactly  observed,  there  have  nt 
maincd  on  ihe  surface  ol  the  crystal  vacancies  apparea 
lo  our  eyes.  These  small  deviations  are  attended  wtA 
this  advaniagc,  that  they  point  out  the  diteciion  a 
ing  to  which  the  strisc  are  arranged  in  lines  on  ihe  peiu 
feet  forms  where  they  escape  cur  organs,  and  thus  coM 
tribute  to  unfold  to  us  the  real  mcchaniscD  of  the  stroe 
ture, 

"  The  small  vaciiilics  which  the  edges  of  the  lamb 
of  Mipetposttion  leave  on  the  surface  of  even  the  n 
petfect  Kcondary  crystals,  by  their  re-entering  ud  « 
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Ifbt  angles,  thus  afford  a  silisfactory  solution  of  the     Clwp.  IV. 
fficully  a  lilile  before   iDcntioned  ;  which  is,  ihal  the 
fragroeiirj  obtained  by  division,    ihc   esiernal  sides  of 
which  form   part  of  the  faces  of  the  secondary  crystal, 
•re  not  like  those  drawn  from  the  anterior  part.      For 
^     tilis  diversity,  which  is  only  apparent,  arises  from  the 
*     udes  in  question  bein^  composed  of  a  nmltitude  of  small 
P     planes  really  inclined  to  one  another,  but  which,  on  ac- 
^     count  of  their  smallness,  preiient  the  appearance  of  one 
plane  i  so  that  if  the  division   could   reach  its  utmost 
bounds,    all  the^e  fraj^ments  would    be   resolved  into 
molecules  similar  to  each  oih<.r,  and  to  those  situated 
towards  liic  centre. 

"  Tlie  fecundity  of  the  laws  on  which  the  variations  of 
crystalline  forms  depend,  is  not  confined  to  the  produ- 
cing of  a  multitude  of  very  different  forms  with  the 
same  Dfiolecules.  It  often  happens  also,  that  molecule! 
of  diScrcQt  figures  arrange  themselves  in  such  a  man- 
ner as  giTes  ti^e  to  like  polyhedra  in  different  kinds  of 
mineraU.  Thus  the  dodecahedron  with  rhombuses  for 
its  planes,  which  we  obtained  by  combining  cubic  mole- 
cules, exists  in  the  garnet'  with  a  structure  composed 
of  small  telrahcdra,  having  isosceles  irimi^ular  faces; 
and  I  have  found  it  in  sparry  Buor  ^luait  of  lime), 
where  there  is  also  an  assemblage  of  itrirahedra,  but  re- 
gular :  that  is  lo  say,  the  faces  of  which  are  equilateral 
triangles.  Nay  more,  it  is  possible  that  similar  mole- 
cules may  produce  the  same  crystalline  torm  by  diffe- 
rent laws  of  deciemrnt.  In  shorr,  calculation  has  con- 
ducted me  to  another  result,  which  app-rared  to  me  still 
more  remarkable,  which  is,  that  in  consequence  of  a 
simple  law  of  decrement,  there  may  exist  a  crystal 
which  externally  has  a  perfect  resemblance  to  the  nu. 


J 


l^ttkUi.     olensi  that  it  to  say^  to  a  solid  that  doei  not  ante  frot 
anjr  law  of  decremmit  *•'* 

.  Such  is  a  general  view  of  Ha»j*i  theofj  of  crjiti}. 
liaatioiiy  which  has  led  already  to  aererml  very  impon* 
ant  ditcoveriea  in  mincralogyy  and  may  be  ezpectdito 
lead  to  still  more  important  ones  beraaften  The  c?i. 
deace  for  its  truth  is  the  complete  manner  in  whid  it 
ejcplaiaa  tbc  phenomena,  and  the  exact  ooincidenoetf 
aaatter  of  fact,  in  every  instance,  with  the  result  of  cil* 
eolation.  But  as  it  cannot  be  shown  that  the  secondarj 
fimns  are  actually  crystallized  according  to  the  theory, 
we  must  consider  it  in  the  light  of  a  mathematical  hj. 
pothests ;  an  hypothesis,  however,  of  verj  great  im. 
portance,  because  it  serves  to  link  together  a  vast  num. 
ber  of  otherwise  unconnected  facts ;  because  it  enables 
us  to  subject  all  the  forms  of  crystals  to  calculatioa ; 
and  because  it  puts  it  in  oUr  power  to  ascertain  the  ni« 
ture  of  a  body  with  the  utmost  certainty,  from  an  accu- 
rate examination  of  the  figure  of  its  crystals.  Such  hj- 
potheses  may  be  considered  as  the  clues  which  lead  as 
through  the  otherwise  impenetrable  mazes  of  error,  and 
conduct  us  at  last,  though  after  a  tedious  journey,  to 
the  goal  of  certainty  and  truth. 


•  An/f,  de  Chlm.  xvii.  aij  For  a  more  complete  account  of  this  thcoq-, 
tbc  reader  it  rftferred  to  Hauy*8  MimerMivgy,  vol*,  iiit  and  ad.  A  large 
4ctail  would  have  been  ioconnuent  with  the  plan  of  thU  Work. 
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SECT.  III. 

F  THS  COMBIlf  ATIOK  OF  SOLIDS  WITH  EACH  OTHSA. 

MHt  foUovHng  Tabit  exhiUts  a  list  of  th€  ^rUidi* 
I  solids^  arranged  acetediag  to  tbcir  c^flspotilMa : 

I.      UnDECOMIfOUMDEB. 

Salphilr  Metals 

Phosphoras        Itarths  ^ 
Garboa 

1.  Osidc  of  sulphur 

phosphorus 
Charcoal 
Metallic  oxides 
8.  Sulphurets  of  metals 

fixed  alkalies 
earths 
3.  Phosphurets  of  carbon 

znetala 
earths 
4*  Carburets  of  kaa 
5.  Alloys 
G.  Solid  acids 
1.  Earths  with  earths 

meuUic  oxidoa . 
fixed  ftlK^^ifff 


» 
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8.  Salts  and  hjdrotulphorets 
Mjsullic  ozidei  with  alkalies 

9.  Bitumens,  solid  oils,  tannin 
10.  Soaps 

IX.  Most  vegetable  substances 
12.  Many  animal  substances. 
Their  numbers  are  very  great;  for  if  all  the  individttal^ 
were  reckoned  they  would  amount  to  many  thousaodii 
Specific  2»  Their  specific  gravity  varies  more  than  either  that 

of  liquids  or  elastic  fluids,  as  will  appear  from  the  fid- 
lowing  Table,  in  which  they  are  arranged  according  to 
their  density. 

Specific  GnTity. 

Charcoals.. •••••••0-223    to   1*526 

Vegetable  bodies .0-240  to     1*354 

Sahs 0-273  to     7-176 

Earths .,•••.0*340  to     4-842 

Solid  acids 0-667  to     3*391 

Earths  with  earths  ••••••.0*080  to    4-815 

Bitumens  and  solid  oils.  •  •  ,0-892  to     1*357 

Fixed  alkalies 1*336  to     1-708 

Phosphorus  ••••  • 1-770  — 

Carburets  of  iron 1*987  to     7*840 

Sulphur  ...T 1*900  — 

Earths  with  alkalies 2*732  to     3*329 

Carbon 3*518  to     3*531 

Metallic  sulphurets 3*225  to  10*000 

Metals  and  alloys 0*600  to  23*000 

The  specific  gravity  of  hammered  platinum,  which  is 
the  heaviest  of  the  solid  bodies,  is  nearly  lOO  times 
greater  than  that  of  common  cork,  which  is  one  of  the 
lightest. 

3.  Solid  bodies,  as  far  as  regards  their  combinations 
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^  trith  each  other,  may  be  divided  iato  tliree  dftues:  Chap.lV 
^  m»mely,  those  which  unite  in  an/  proportion  ;  those 
which  unite  in  cerlain  determinate  proportioDi  i  and 
K  tbose  which  cannot  be  mftde  to  coinbiQe  with  each 
I  ether  at  all.  Let  us  eumine  the  aciion  of  each  of  tbeie 
(.     classes  separttelj. 

I  1.  Tbe  action  of  solids  upon  each  other  has  been  so 

usperfecity  examined,  that  it  ia  not  possible  lo  give 
OMre  than  a  partial  vtew  of  the  subject.      The  fallow- 
ing Tabic  comprehends  the  princijial  solids  hitherto  as- 
certained  to  he  capable  of  uniting  in  any  proportion. 
X.  Sulphur  with  phosphorus. 

2.  Cariion  with  iron  .' 

3.  Meiflls  with  most  meiais, 

4.  Protosidc   of  autimony  with  sulpliuret  of  anii- 

5.  Earths  with  earths. 

6.  Earths  with  some  metallic  oxides. 

7.  Some  earths  with  &.xefi  alki-lies. 

8.  Fixed  alkalies  wiih  solid  oils, 
g.  Solid  oils  with  each  oiher  and  with  bitumen. 

All  the  products  produced  by  these  mutusl  coinbina. 
lions  are  solids,  except  those  formed  by  the  union  of 
sulphur  and  phosphorus  in  cenain  proportions,  which 
are  liquid. 

2.  As  far  as  is  known  at  present,  none  of  the  solids 
coniaiT>ed  in  the  preceding  list  cocubinc  spontaneously, 
even  though  placed  in  comae  Tlie  cohesion  of  iheit 
particles  presents  a  resisting  force  which  their  al&nity 
for  each  ot'ier  cannot  overcome.  The  usuul  method 
employed  i-,to  mix  the  two  sabstanccs  to  he  united  in 
the  intended  proportions,  and  to  apply  a  degree  of  beat 
capable  of  melting  one  or  both  of  them.     Thai  the/ 
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^^t^^TL  are  enabled  to  act  upon  each  other  in  the  tame  wtj  m 
liquids,  and  of  course  the  tame  ezplanatioo  applia  li 
their  combinations.  These  combinatioiis  obvionslj  ht> 
long  to  that  class  which  have  been  diatiogtiisbed  bjik 
name  of  dissolntions,  and  accordinglj  do  not  differ  mah 
in  their  properties  from  their  conatitueiita,  except  da 
compounds  of  carbon  and  iron,  and  acme  of  the  eank 
with  each  other,  which  possibly  muy  he  fbond  bcvafc 
tcr  to  belong  to  that  class  of  solids  which  combine  edf 
in  certain  proportions. 

3.  The  combination  is  usually  accompanied  hf  a 
change  of  density.  Tlds  is  most  apparent  in  the  metd- 
lic  alloys,  most  of  which  are  either  above  or  below  the 
mean. 

11.  The  following  Table  exhibits  the  principal  solidt 
which  have  hitherto  been  observed  to  unite  only  in  de- 
terminate proportions. 
Sulphur  with  metals 

some  metallic  oxides 
earths 

fixed  alkalies? 
Phosphorus  with  carbon 

metals 
some  earths 
Acids  with  alkalies 
earths 

metallic  oxides,  &c. 
These  combinations  are  mure  intimate  than  the  prece- 
ding ;  they  have  been  more  closely  examined,  and  are 
better  known. 
One  of  the  |,  ^^  f^r  „  is  known  at  present,  none  of  these  bo- 

blKiirii  V  lilt  ' 

Ik  fluid*        dies  act  upon  each  other  while  both  continue  in  the  so* 


Solidtthat 

anilB  only 

Jacerttia 
propoiw 


t,  except  sulphur  and  the  fixed  alkaline  hydrates,  ^ 
Jtone  acids,  and  a  few  hydrates  of  metallic  oxides,  and 
perhaps  some  ol  the  acids  and  the  fixed  alkaline  hy- 
drates. With  these  exception^  it  may  belaid  dowa  as 
a  general  rule,  that  ia  all  cases  of  the  combination  d£ 
Utese  bodies  with  each  other,  ooe  at  least  of  the  two 
which  combine  must  have  its  cohesion  destroyed,  or  at 
least  diminished,  by  being  reduced  to  a  liquid  state. 
Now  there  are  two  ways  of  bringing  theic  solids  to 
ihit  state  :  1.  Fusion  by  means  of  fire.  In  this  way 
fiulphuc  is  made  lo  combine  with  meials,  earths,  and 
I  fixed  alicalies,  and  phosphorus  with  loeials.  Some, 
times  ihe  nGiiihj  is  so  weak,  that  it  is  necessary,  in  iho 
first  place,  to  reduce  oue  of  the  consiiluents  to  iJie  state 
of  vapour.  Tims  phosphorus  combines  with  lime,  ba- 
rytcs,  and  ittoiuian,  or.ly  ata  red  heat.  Z.  Solulioitio 
water  or  some  other  liquid  mensiiuum.  In  ihi*  way 
tbc  acids  are  combined  vhh  the  alkidies,  earths,  ,au4 
netaUic  oxidts.andin  this  way  fnay.sulphur  and  phos> 
phorus  be  combined  with  ii'CiaU.  .,,■. 

2.  As  the  union  of  these  bodies  with  each  otoer  re- 
sembles that  of  liquids  with  solids  in  every  lespect,  it 
would  be  unnecessary,  after  the  details  coiiiaiaed-  in  the 
preceding  Chapter,  to  enter  into  any  farther  particulars 
respecting  ilie  ihtory  uf  tlie  cniiibiiiatioD.  The  points 
of  most  Importance  uie,  the  proporlioiti  in  whicb  (hey 
unite,  and  the  change  of  density  whicii  ihpy  undergo. 

3.  Though  ihecombinaiioiisofiSU'pl' 
tah  have  been  examined  with 
by  chemists,  there  arc  many  things  connected  with  them 
that  require  elucidation.  Mr  BeflKSKet  is  Mill  of  opi- 
oioa  that  sulphur  is  capable  of  uniting  iLUtfuiitely  to 
the  metali,  aud  he  has  brought  a  number  u!  examples 
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of  nattre  lulphuret*  of  lend,  copper^  «nd  rroa,  utl* 

bj  the  most  accurate  chemists,  in  which  the  jmoji 

of  sulphur  varied  tndefinitely  ".     Ii  Is  vtrj  M 

various  doses  of  sulphur  are  npaMe  of  uniiin; 

most  metals:  but  the  exp«ritnenis  hitherto  iDadei 

the  artificial  union  of  these  bodies  do  not  warraMi 

conclude  that  ihey  unile  indefiniielj  i  for  when  sul; 

I  and  a  mctnl  are  fused  together,  we  obtun   almp 

I   two  bodies  combined  in  deierminale  propoTtiww. 

*e  apply  the   hypothesis  of  Dalton,    and   compaK  in 

nalysis  of  the  artificial    mciallic  sulplmreia   wilh  i^ 

weight  of  an  ntom  of  sulphur,  and  of  each  indindgil 

telal,  it  would  appear  thai  the  roost  intimate  combiai. 

tfon  consists  of  one  atom  of  the  meial  united  with  m 

atom  of  sulphur;  that  very   fre<)ucntlT  (probaWyb- 

'  deed  10  all  cases)  two  atoms  of  sulphur  unite  wkh  oM 

o(  metal ;  and  that   the  different  sulphnrcts  are  c*pa> 

Uc  of  dissolving  each  other,  and  forming  »  kind  of  it> 

k>y.     It  is  to  ttiis  combination  thai  the  variety  in  i&c 

composition  of  native  sulphureti  is  chiefly  to  be  ascribed. 

The  following  Table  will  enable  the  reader  to  no- 

pare  the  results  of  analysis  with  the  calculation  fbool. 

>  M  on  the  tupposiiion  that  the  meials  and  sulpbor  tmil| 

I  atotn  to  atom  ;  ihst  the  weight  of  an  atoin  of  tulpll< 

,  19  i  and  that  the  weight  of  an  atom  of  th( 

I   BMtals  is  as  represented  in  the  &nt  column  of  tlie  ti 

[  The  second  column  gives  the  weight  of  sulphur  uii 

I  to  an  hundred   pans  of  the  metal  by  calculatim 

thitd  by  analyiii. 
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" 

Weight  of  Sulphur 

Weight 

Cfimbiood. 

of  a 

MeuU. 

MetaUic 

BvCalcu-j 
Udoii. 

Bjezperi- 

Atom. 

Silver 

93*7 

14 

17-6 

Bismuth 

93'7 

14 

17-5 

Arsenic 

54-5 

24 

25 

Copper 

4$'0 

21 

14  to  SO 

Mercury 

120*0 

10-8 

iT6 

Tin 

4S-0 

27 

17*6 

Lead 

150-0 

8*7 

12  to  25 

Antimony 

80*0 

16*2 

33'3 

Iron 

33?*4 

40 

60  to  112 

Molybdenam 

37-5 

34-6 

06 

ClM^lV. 


be  first  three  solphurets  agree  sufficiently  well  with 
e  calculation,  but  all  the  rest  dilFer  from  it  very  much, 
o  doubt,  it  would  be  possible  to  reconcile  the  whole 
r  supposing  the  sulphurets,  which  differ  most  from  the 
Iculation,  to  be  combined  with  the  metal,  with  eacb 
her,  &c.  But  such  suppositions  would  be  attended 
ith  no  advantage.  We  shall  therefore  leave  the.  sub. 
ct  at  present  as  hopeless,^  till  it  be  farther  eluoidated 
r  subsequent  experiments. 

4.  AJi  the  metallic  sulphurets  are  rarer  than  the  mean.  Sublmftis 
he  substances  of  course  expand  during  their  combina-  ^ 
>n.  In  most  cases  this  expansion  ia  considerable,  as 
ill  appear  from  the  following  Table^  The  first  co«r 
mn  gives  the  real  density  of  the  compounds  -,  the  se* 
»nd  the  mean  density,  calculated  on  the  supposition 
at  no  change  of  bulk  had  taken  place  by  the  coihbi- 
ition. 
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Keu  trail- 
sation  ex- 
plained. 


Calnikie4 

DciMiC|. 

•  •  •  .  t  0!22 

11*83 

....     5*62 


?  T05 


Reml 
3u1phiirctt  of  D«UMtx« 

SiKer •  1*2     • 

Mercury  •  •  •  •  .10 

Iron,  1st  •  •  •  .  4*518 

2d 4-830 •     4*7$ 

Lead 1         10*06 

Bismuth 0*131 8*65 

Antimonj.  •  •  •  4*308 5*53 

Arsenic,  1st  .  •  3*225 . 
2d...  5*315. 

Moljbdennm,  .  4*13 5*07 

In  somt  of  these  examples  the  expansion  is  more  thn 
a  fifth  of  the  whole.  Pyrites  is  the  onlj  instance  knows 
of  a  combination  of  sulphur  and  a  metal,  the  spedic 
gravitj  of  which  is  greater  than  the  mean. 

5.  The  remaining  compounds  into  ivhich  sulphur  en- 
ters with  solid  bodies  have  not  been  sufficxentlj  exami. 
ned  to  admit  of  any  additional  obsenrations.  Neidier 
do  we  know  any  thing  precise  respecting  the  combms- 
tions  of  phosphorus  and  solid  bodies. 

6.  The  case  is  very  different  with  the  acids;  the 
compounds  which  they  form  uith  the  alkalies,  eanhs, 
and  metallic  oxides,  have  been  examined  with  much  at- 
tention,  and  have  furnished  chemists  with  most  of  the 
opinions  which  they  entertain  respecting  affinity.  The 
^reat  facility  with  which  these  compounds  are  formed, 
the  striking  difference  between  their  properties  and  those 
of  their  constituents,  and  the  beautiful  forms  which 
many  ol  them  assume,  were  circumstances  which  exci- 
ted the  general  interest  of  chemists. 

7.  li  wc  take  a  given  quantity  of  sulphuric  acid  di- 
luted with  water,  and  add  it  slowly  to  the  solution  of 
soda  by  litile  at  a  time,  and  examine  the  mixture  after 
every  addiriou,  we  shall  find  that  for  a  considerable  time 


WI-H  EACH  OTHER. 

it  Will  exhibit  the  properties  of  in  acid,  reiidening  ve- 

•  -getable  blues,  and  having  a  taste  percepiibly  sour  :  but 
-      these  acid  properties  gradually  diminish  aficr  every  ad- 

ditinn  of  the  alkaline  soliiiiou,  and  at  latl  disappear  al- 
.  together.  If  we  iiill  continue  to  add  the  soda,  the  mix- 
f    tare  gradually  acquires  alkaline  properties,  converting 

*  vegetable  blues  lo  green,  and    maniftsting  an  urinous 
f     taste.     These   properties  become  stronger  and  stronger 

the  greater  ihe  quantity  of  [he  soda  is  which  is  added. 
Thus  il  appears  that  when  sulphuric  acid  and  soda  are 
mixed  together,  the  properties  either  of  the  one  or  the 
other  preponderate  accordint;  to  the  proporlionsof  each; 
but  that  there  are  certain  proportions,  according  to 
I  which,  when  they  are  combined,  they  mulually  destroy 
or  disguise  the  properties  of  each  other,  so  that  neither 
predominates,  or  rather  so  that  both  disappear. 

When  substances  thus  mutually  disguise  each  other's 
properties,  they  are  said  to  neutralise  one  another. 
This  property  is  commoi}  to  a  great  number  of  bodies  i 
but  it  manifests  itself  most  strongly,  and  was  lirst  ob- 
served in  the  acids,  alkalies,  and  earths.  Hence  the 
sails  which  are  combinalions  of  the^e  difii.-rent  bodies 
received  long  ago  the  name  of  neutral  aaln.  When 
bodies  are  combined  in  ihe  proportion  which  produces 
neutralization,  they  are  often  said  to  be  saturated i  but 
in  this  case  ihe  term  is  used  iniprnperly.  It  would  be 
much  better  to  coniine  the  word  saturation  to  ihe  mean- 
ing assigned  it  in  a  former  Section,  and  to  employ  the 
term  ntutraH^ation  to  denote  the  state  in  which  the  pe- 
culiar properties  of  the  component  pans  mulually  disap- 
pear i  for  very  frequently  iieuiraliziition  and  saturation 
by  no  means  coincide.  Thus  in  tartrate  of  fotasb  ihe 
acid  and  aikali  neutralize  each  other  :  yet  it  cannot  be 
Wid  that  the  potatb  is  saiui aicd ;  for  it  is  still  capable 
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Book  Iir.  of  combiaiqg  with  more  tartaric  sctd^  n4  of  immn 
sopertartratt  of  potash,  a  oompoond  io  which  the  w^ 
dieott  do  not  neuUaUie  each  other  |  fbr  the  ailt  hiiMi 
m&stlj  a  prepondcranca  of  the  properties  of  the  aoi 

8.  It  cannot  but  be  obyioii%  that  the  saoie 
of  acid  or  aUi;alz  must  be  alwaja  emplejed  la 
lime  a  given  weight  of  alkali  or  edd,  end  thai  thoprfn 
the  proportion  in  which  thesi  bodiee  unite  IQ  fena  mi^ 
tral  salts  is  fixed  and  determined.  The  aeida  wad  4m 
line  bas^  indeed,  maj  be  capable  of  nnitieg  wilh«d 
other  in  various  proportions ;  bnt  the  neutral  oomhiik 
tion  mast  be  constant :  it  OMist  likewise  be  the  moit  iili* 
Ipute*  We  may  therefore 'suppose,  that  initthesdi 
and  base  unite  atom  to  atom.  If  we  epplj  Dalioa^ 
hjpothesis,  we  may  6nd  the  relative  weight  of  the  cos* 
stituents  of  those  neutral  salts  which  have  been  anslj. 
sed.  This  will  afford  a  test  of  considerable  importance 
of  the  degree  of  confidence  to  be  put  in  the  h/pothcsiss 
the  subject  of  course  deserves  to  be  investigated  with 
some  attention. 

When  describing  the  salts  in  the  preceding  Book,  I 
exhibited  the  various  analyses  of  each  that  have  beea 
published,  and  then  selecting  that  particular  analysu 
which  appeared  most  to  be  depended  on,  placed  it  st 
the  end  of  each  genus  under  the  form  of  a  table.  From 
these  tables  we  shall  choose  our  examples.  It  will  be 
proper  to  pitch  upon  the  sulphates,  nitrates,  muriates^ 
carbonates,  and  sulphites,  as  the  genera  which  have 
been  analysed  with  the  greatest  care.  The  following 
Table  shows  the  weight  of  each  base  united  to  100 
parts  of  acid  in  the  most  remarkable  neutral  aalts  be* 
longing  to  these  genera. 
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Bites, 


^arjrtes  •  •  • 
';  Strontian  .  . 
Potash,  .  .  . 

Soda 

Lime • • • • . 
Magnesia. . 


Salphates.!  Nitrates,  r  Mvriatet.  Car1>onttet.  iSuTpMtet 


203 
138 

18'32 
76-7 


178-12 

116*86 

11T7 

73-43 

55-70 


57-9;2     47-64 


Ammooia. .    26*05  ]  40*38 


314  5 

216-!? 
185-7 
114 
118-3 

89*8 

33 


;J54-5 
231 

95-3 

97'4 
122 

50 

33-Q 


fheae  numbers  in  each  column  ought  (supposing  tte 
analysis  rigidly  correct)  to  give  the  weight  of  the  re* 
9pective  baKS,  provided  the  weight  of  an  atom  of  acid 
be  reckoned  1 00^  and  the  acid  and  base  always  unite 
atom  to  atom.  But  the  weight  of  an  atom  of  all  tb^ 
9cids  belonging  to  these  genera,  as  determined  in  a  pre» 
ceding  Chapter,  was  found  to  be  as  follows : 


1 


Sulphuric  acid«».3i 

Nitric...,....,....!! 

Muriatic. •••.....18 
Carbonic. ..16*5 

Sulphurous... ...,25 

If  instead  of  100,  which  in  the  preceding  table  of  the 
composition  of  the  salts  is  used  as  the  constant  weight 
of  acid,  we  substitute  the  supposed  weight  of  an  atom 
of  each  acid,  and  then  calculate  the  weight  of  base  with 
which  it  is  combinedi  we  obtain  the  following  Table. 

iSolphateLTNitritci. 


Bates. 


Barytes.... 
Strontian  .»• 

Potash 

Soda 

Lime..*..., 

Magnesia..  • 

Ammonia .. 


-!>*> 


63 
43 
40 
24 
23' 
18 
8 


30 

10*8 

20 

12-5 
9-5 
8-1 
6-8 


Muriates. 


56*6 
30 
33 
20-4 
21-3 
16 
6 


Carbonates. 


60-5 
38 
16-2 
16-5 
20- T 
8-5 
5-7 


Sulphites.! 


37'7 

31-2 
14'5 
34*5 

10*2 
12-0 


Weight  of 
ifidfti 
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if)  the  proportion  of  their  acid  may  be  ascertained  with  aU 
f.  most  as  much  exactness  as  that  of  the  sulphuric.  It 
1^  is  satisfactory  to  observe  how  nearly  the  analysis  of  the 
J  muriates  corresponds  with  the  weight  here  given.  The 
analysis  of  the  earthy  carbonates  is  likewise  capable  of 
much  exactness ;  but  this  is  not  the  case  with  the  alka- 
line carbonates,  if  we  except  that  of  ammonia,  which 
may  be  calculated  from  the  proportion  of  combioiag 
^ses.  Now  in  the  genus  of  carbonates,  it  is  only  those 
with  a  fixed  alkaline  base  that  deviate  much  from  the 
aiean*  The  nitrate%  from  the  nature  ot  the  acid,  caii« 
not  be  analysed  with  the  ^ame  piecision  as  the  rest. 
However,  it  is  only  the  fixed  alkaline  nitrates  that  de- 
viate (and  only  inconsiderably)  from  the  mean,  provi« 
ded  we  suppose  that  two  atoms  of  acid  unite  to  one  of 
brfse.  As  to  the  sulphites,  they  have  been  hitherto 
analysed  only  by  Fourcroy  and  Vauquelin,  They  de- 
viate farthest  from  the*  mean. 

Upon  the  whole,  if  we  consider  that  the  numbers  re- 
presenting the  weight  of  the  acids  were  furnished  by 
Dalton's  hypothesis,  from  data  altogether  unconnected 
with  the  composition  of  the  salts,  the  very  near  coin- 
cidence between  the  preceding  table  of  weights,  and 
the  result  of  analysis,  must  appear  something  more  than 
accidental,  and  affords  a  very  strong  presumption  in  fi^ 
vour  of  the  truth  of  Dalton's  hypothesis. 

If  these  considerations  have  any  weigh f,  the  follow- 
ing Table  ought  to  represent  the  proportion  of  the  con- 
stituents in  all  the  neutral  salts  formed  by  thecombina^ 
tion  ot  the  acids  and  bases  contained  in  it : 

Adds.  Prop.rtion.  B.'ses.  Proportion.      Constitu- 

Sulphurous  .  25X2  =  50         Barytes      .     -     .  eS      ^^1^^ 
Nitric      -     -  11X2=34         Strooiian  ...  37 


M« 
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A(iit).                       PrapaniDD.                 >••«. 

.,^ 

Sulphuric   -     .      .      31          Pou»h     -     . 

-     31 

Plio»phoric       -     -      22          Sod*        -     - 

-     «J 

Muriaiic     -      •     >      18          Lime        -      - 

-   si-» 

Carbonic    -     -     -     io^5      Magnesia     - 

-     1T( 

Phosphorous    .     •     lo         Ammonia     . 

-   a 

Thtae  numbers  leprcwnt  either  the  weigbt 

oftn  tioti 

of  e»ch,   or  iwiec  il.nl  weighl.      The    mean 

ng  of  il« 

tabic,  wc  prciumr,  will  be  obvious  at  once.  The  nua. 
b«r  attached  lo  each  icid  rcprcKiiii  the  weight  of  idd 
capable  of  situraling  th«  wcif>ht  of  each  ba«e  retpw. 
tivel/  marked  la  the  lablc.  Thus  50  parts  by  mcijIu 
of  sulphurous  acid  saturate  03  parts  of  barj'tcs,  and  suL 
phite  of  barytet  is  composed,  by  wciglil,  of  SO  acid  ui4 
63  bate,  phosphate  of  lime  is  composed  of  33  acid 
sad  21'S  basci  a  proportion  which  ncarlj  coinpiki 
with  the  wuXjimU  SMwrf,  uU  thpinfim  Mffaill 
confirm  it, 

0.  WbtnUwMJvtioapoftiMiMDtnliiJtyannM 
with  each  othsr,  a  dccompoaition  ciibcr  partial  or  •••, 
plaU  often  ukei  place.  Thus,  if  mur^ta  of  bafTtq 
and  sulphate  of  soda  be  nixed  together,  tba  wlphnm 
acid  unitca  to  the  barytes,  forming  lulpbats  of  barjic^ 
while  the  muriatic  acid  unites  tt^  the  aoda.  Now,  n 
all  these  cases  of  mutual  decomposition,  the  atiite  of  om. 
tralization  is  not  altered.  If  tbeori|iiia]MUtiw«f«iKa« 
tral,  90  will  the  new.  No  cxc^sf-of  aqd  or  baaa  ia  to 
ba  found  in  the  aolntion.  This  inportatit  fwx  yeem 
to  have  bcea  first  aiaicd  dislinctly  by  I^idilor,  Jt  was 
afterwards  noticed   hy  Guyton  Morroaw  *,  and  (till 
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more  Utelj  by  Berthollet^  vrho  has  pointed  oot  its    ^ap.TV. 
great  importance^  knd  confirmed  it  by  numerous  expe- 
riments of  his  own  *. 

From  this  general  law  it  follows  as  a  consequence^ 

that  all  the  acids  and  alkalies  follow  the  same  ratio  in 

tieotralifting  each  other.    Thus,  suppose  that  the  quan* 

titj  of  barjtes  and  of  lime  necessary  to  saturate  a  giren 

freight  of  sulphuric  acid  be  represented  by  a  and  b, 

t)i€  Weights  of  the  same  bases  necessary  to  saturate  an^ 

other  acid  will  be  to  each  other  as  a  to  ^  s  and  if  tb^ 

weights  of  any  two  acids^  as  the  sulphuric  abd  mnriatie^ 

oectssary  to  aaturalt  a  given  weight  of  batytes,  be  rtL 

{presented  by  ik  and  n,  then  the  Weights  of  the  same 

acids  necessary  to  saturate  any  other  base  will  be  to 

eireh  other  as  mt^  n.   '  Now  it  is  impossible  that  thia 

dkh  hold  tTM  Mles^  the  acids  and  bases  unite  to  eacb 

^b^  either  afMtt  to  atom,  or  at  least  a  determinate 

number  of  atotbs  of  the  one  to  one  atom  of  the  other. 

Here^  IhHi,  W6  bav^  a  deeisire  pro6f  that  the  theory  of 

Dalton,  ^bieh  hat  been  repeatedly  illustrated  in  this 

Book^  is  something  more  than  a  hypothesis;  that  it  de-> 

aarves  particular  attention  ;  and  that  it  may  be  of  oonsi- 

devabk  stnriee  m  assisting  us  to  ascertain  the  constitu- 

tfOtt  of  solid  bodies. 

10.  If  the  acids  and  bases  usually  form  neutral  salts 
by  uniting  together,  atom  to  atom,  we  have  only  to  as- 
eettaiil  the  weight  of  an  atom  of  every  acid  and  base, 
io  order  to  have  the  composition  of  all  the  neutral  sahs 
with  accuracy.  The  preceding  table  contains  the 
weight  of  seven  bases  ;  but  besides  these  we  have  four 
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Wt'ight.  WdKht. 

^  Citric 35-1  I.   Tartaric 45-7 

j.  Acetic 36  8.   Tiingstic 47'3 

St,' fourth,  and  ceventh  of  these  numbers  have 
iKcn  taken  from  Ricbier's  table  of  the  relative  propor- 
tion of  acids  and  bases,  by  weight,  which  combiae.  We 
are  not  in  possession  of  correct  analyses  of  any  species 
belonging  to  the  fluatcs,  iuccinaies^  or  tartrates. 

The  weight  of  the  oxalic  acid  is  the  result  of  my  own 
experimcDts  ;  Ii  diftVrs  very  much  from  tlie  result 
given  by  previous  trials  of  Bergman  aad  Vauquelin. 

The  weight  of  bfiracic  acid  is  given  from  the  analy- 
sis of  borax  by  Bergman.  As  that  salt  contains  ati  ex- 
cess of  base,  we  must  suppose  it  a  compound  of  one  a- 
tom  of  acid  with  two  of  base. 

The  weight  of  citric  acid  is  the  mean  of  Vaucjuelio's 
analysis  of  the  citrates  of  potash,  soda,  lime,  and  iDag- 
nesia.  It  differs  essentially  from  ihe  number  given  by 
Richtcr,  which,  when  reduced  to  our  proportions,  be- 
comes 45' 4. 

The  weight  of  the  acetic  acid  is  obtained  from  Btt- 
cholz's  analysis  of  the  acetate  of  barytes,  and  that  «f 
tungsiic  acid  from  Klaproih's  analysis  of  tungstalc  of 
lime  ;  both  of  which  are  eniirled  to  confidence. 

We  may  now,  then,  collect  together  in  a  single  table 
the  relative  weights  of  an  atom  of  all  acids  and  bases 
which  we  have  been  able  to  ascertain.  They  claim  par- 
ticular aitenlion,  because,  independent  of  the  hypolheus 
of  Dalton,  they  must  be  considered  as  approaching,  as 
nearly  as  the  present  stale  of  the  science  will  admit,  lo 
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^^AfS,     the  real  weight  of  acidi  and  bas^s,  which  Mturwtn: 
olhi?r  respectively,  and  form  neuifiU  9>lt»*. 

1.  Basks. 

Wd|fate(  Barytes 61         Lime 

MdbMMi.  Scrnntian SVO      Magnesia.... 

Potash s8        Alumina i...  ft 

Soda.... 23-9 


ll.  Aci03. 

Timg^tic  .i i 41*0  Snlpttunc 31 

Tartaric 45-1  Boradc «{ 

Salpbttrgua 50  Phospboric  ».*.... 21 

OEtiie *.S0-&  Muriatic  ».,..,.. .14 

Acetic 30  CariKmic .....la-i 

Citrie  •...(•••... SS'l  PhoBphoroui .id 

Nitric. ...S4  Fluoric iri 

Snecinic 52*5 


•  I  (lull  ioMR  here  tfac  table  of  Richter,  m  dnwn  sf  bf  FM«,  (t 
Ike  rcUtin  weigfati  of  icidi  wd  bun  wbicfa  Marscc  mth  athK,  rfat 
tbe  rtirfer  ouj  compare  it  with  tli«  ia  tbt  tnx,  obtajoed  wlelj  &oa 


Alnmina 

.        .        SV 

So*     .        . 

•         •        to 

MV>e^ 

.        .       6.J 

StroMiM 

'        •     «J»9 

.       .       67» 

Potuh  .        . 

.        .      I*« 

Lime 

793 

Burt- 

.      «IM 

Acini. 

Flnorie 

4*7 

Salptmrie       . 

.     laes 

CubMiG 

J77 

Saninie          . 

.       IMf 

Eebck 

.        .        706 

Nitric    .        . 

■       t¥>S 

Mutiitie 

Jtt 

Acetic  . 

■       I4») 

OiJic    . 

•      ■      Mi 

C;tri(    . 

.      i6t] 

•       •       919 

Tutiric 

-        .      I«*4 

Foimic 

.        .        988 
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oZChf  weigbl  of  an  alom  of  the  neutral  salu  iortned 
y^  the  combinmtion  of  these  bodies,  is  obtained  by  add- 

ag  together  the  numbers  representing  the  weight  of  au 

aiosn  of  the  acid  and  of  the  base.  Thus  the  weight  of 
aa  atom  of  sulphate  of  barytes  is  034-3 19  or  04 »  that 
€f  an  atom  of  nitrate  of  potash  is  12,  and  so  on. 

*  12.  But  the  acids  and  bases  are  capable,  not  only  of  duperialtt 
fcraiing  neutral  salts,  but  frequently  also  of  uniting  with  *°  *ui^»> 
each  other  in  various  proportions.  In  some  the  propor* 
tion  of  acid,  in  others  that  of  the  base  predominates. 
The  former  set  have  received  the  name  of  superialis, 
the  latter  that  of  subsaks.  The  simplest  way  of  con« 
aidering  these  bodies  ^s,  to  conceive  the  supersalts  to  be 
compounds  of  two  atoms  of  acid  with  one  of  the  base, 
and  the  snbsalts  of  two  atoms  of  base  with  one  of  acid. 
Thus  supersulphate  of  potash  is  composed  of  one  atom 
of  potash  united  to  two  of  sulphuric  acid,  or  by  weight 
of  38  parts  of  base  and  62  of  acid.  Borax,  on  the  other 
hand,  is  composed  of  two  atoms  of  soda  united  to  one 
of  boracic  acid,  or  by  weight  of  24*5  parts  of  acid  and 
46*6  of  base. 

All  the  salts  are  not  capable  of  being  exhibited  in 
these  various  states  ;  probably  because  the  tendency  to 
crystallize,  or  to  assume  a  solid  form,  depends  upon 
certain  proportions  only.  It  is  probable,  that  in  many 
cases  in  which  they  do  crystallize  in  all  these  states, 
the  different  varieties  are  capable  of  uniting  with  each 
other  ;  and  this  may  account  for  the  variable  results 
obtained  by  analysis. 

13.  Sometimes  an  acid  is  capable  of  uniting  with  two  Tripkialti. 
bases  at  once^  and  of  forming  a  triple  salt,  as, it  is  call* 
ed.     Thus  sulphuric  acid  unites  at  once  with  magnesia 
and  ammonia.     It  is  probable  that  such  combinations 
Vol.  III.  S  s 
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•n  tiM  fetnk  of  m  «tMi  «ff  eiM  idt 

an  110111  of  Mocficr.  -  lb  %ht  csampls 

•oppoto  tbit  m  sIcMii  of  iolphito  oi 

Uocd  witir  an  otom  of  inlphoto  ef 

ttanner,  aliini  mtj  be  oooiiiiend  oo  • 

otoin  of  tolphate  of  potoih  ^fUk  wm 

fAite  of  ilunim.    To  diacowr  tko  weigltt  of  Mh|||i 

tkut  ciDiiiUned^  we  hftTOoely  to  got  tbo  fvciglttof •• 

fdm  of  e«di  itlt.    Thos  the  weight  of  mi  aiooirfii 

phate  of  potatb  is  00,  and  that  of  aa  atom  of  anpnrii 

fffivte  of  alofnioa  713.    Thefefinro  alma  b  a  eanpoal 

of  00  partt,  bj  weight,  of  tulplMe  of  potaab,  .aad  IM 

of  sopermlphate  of  alumina. 

Salts  having  i>och  diierent  adda  and  baaea  ate  ib 
capable  of  combining  in  the  aaase  waj,  and  of  bumai 
qnadrople  adts.  Very  few  examplea  have  htthcm 
occarred  of  more  oomplteated  saliao  comiiiaatioBi^ 
thoagh  it  is  y^ttj  possible  that  thej  maj  exiit. 

lit  But  the  solid  salts  are  not  oiere  eoonbioatioesflf 
an  acid  and  a  base ;  thej  are  almost  all  hydrates,  or 
contain  water  as  a  constituent.  The  proportion  of  thb 
water  seems  to  be  susceptible  of  considerable  variatioo, 
and  Tcry  frequently  the  quantity  is  enormoua.  We 
may  conceive  an  atom  of  the  salt  to  form  a  hydrate,  bj 
combining  with  one  or  more  atoms  of  water.  The  pro- 
portion of  water  seems  almost  always  to  exceed  one  s- 
tom.  But  the  experiments  hitherto  made  to  settle  the 
portion  of  water  contained  in  the  salts,  are  not  suffi- 
ciently precise  to  enable  us  to  attempt  to  ascertain  the 
number  of  atoms  of  water  which  enter  into  these  com- 
binations. Sulphate  of  potash  seems  to  contain  oae  a- 
tom  of  water,  while  the  quantity  in  aolphate  of  sods 
cannot  be  ku  than  11  atoms. 


1 
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15«  The  metalline  salts  seem  of  a  more  complicated  ,Cisp.IV:^ 
mture  than  the  alkaline*  They  are  seldom  neutral, 
soDtaining  almost  always  an  excess  either  of  acid  or  base. 
They  have  a  great  tendency  to  unite  with  each  other : 
The  number  of  metalline  salts  belonging  to  any  genus 
hitherto  analysed  with  precision,  is  too  small  to  enable 
)to  to  form  correct  notions  respecting  the  number  of  a- 
toms  which  combine.  As  soon  as  the  analysis  is  hr 
enough  advanced,  it  will  furnish  us  with  a  method  of 
determining  the  weight  of  the  matallic  oxides. 
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CHAP.  V, 


OF  COMBINATION  AND  DECOMPOSmOL 
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The  greit  object  of  all  chemical   invesrigatioos  is  to 
separate  bodies  from  each  other  which  are  chemiallj 
ooaafaiocd.     But  it  it  scarcelj  ever  possible  to  sepmk 
a  bodj  firom  one  substance  without  at  the  same  tnne 
it  to  aootbet •     Hence  decomposition  is  tlmos 
ipanied  bj  comhination*       Ever j  chenicil 
of  a  certain  number  of  combinatioBi 
itions  following   each   other  in  a  regular 
,  and  leading  to  the  object  desired^  the  knowledge 
af  die  CQOstiniects  of  the  sobstance  examined.    It  is u- 
bj  putting  each  constituent  of  the  substance 
xon  inro  such  a  state  of  combination,  that  it 
aoc  be  acted  upon  nor  dissolved   bj  a  given  men* 
which  dissolves  all  the  other  constituents  not  al- 
gpaga:cd>    But  this  cannot  be  done  unless  we  art 
with  the  proper  combinations,  the  method  of 
l&cv,  and  the  requisite  menstrua.      Hence  it  is 
knowledge  of  the  combinations  which  dif- 
are  capable  of  forming,   of  the  bodies 
for  separating  the    constituents  of  com- 
pooads  frsM  each  other,  and  of  the  peculiar  solvent  of 
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compouod,  which  constitute  the  essential  reqaL*    Chapw  v, 
for  the  practical  chemist.     In  the  three  preceding 
Chapters,  we  took  a  particular  view  of  the  mutual  ac« 
of  all  the  different  chemical  substances  on  each 
T,  of  the  compounds  which  they  form,  and  the  va- 
rious decompositions  which  thej  produce.      In  this 
^  C!haptcr  we  shall  take  a  general  view  of  the  subject* 
'Xhree  things  claim  our  particular  attention :  namely, 
2.  The  proportions  in  which  bodies  combine  ;  2.  The 
mrdtr  in  which  they  decompose  one  another ;  and,  3* 
The  way  in   which   they  separate  from  each  other* 
Somelimes  one  of  th«  ingredients  assumes  the  form  of 
t    gas  or  vapour  \  it  is  then  said  to  be  volatiiized  or  eva^ 
porate4  •  sometimes  it  falls  to  the  bottom  of  the  liquid 
compound,  and  is  then  said  to  be  precipitated.     These 
topics  shall  be  considered  in  the  following  Sections. 


SECT.  I. 

OF  COMBINATION. 


yi  I.  have  seen,  io  the  preceding  Chaptersy  that  there 
are  a  variety  of  bodies  which  do  not  unite  with  each 
other ;  but  that  by  far  the  greater  number  are  capable  of 
entering  into  combination,  and  of  forming  new  com* 
pounds.  These  new  compounds  may  be  divided  into 
two  classes.  Some  differ  but  little  in  their  properties  GompsMidi 
from  the  constituents  of  which  they  are  composed,  while  SL^^ 
others  assume  properties  that  are  extremely  different. 
I^o  little,  indeed,  are  the  first  set  altered  by  combination. 


610  eovBnr ATiow  akb  dic^m potinoir. 

fi^Mlk  Iff 

thit  some  persons  have  denied  the  combimition  dtag^ 
ther«  and  have  supposed  the  bodies  to  be  onljr  medii 
nieallj  mixed. 

DiMohi.  1 .  To  the  first  set  belong;  all  those  combinations  wUch, 

after  BerthoUet^  we  have  denominated  iSiiehftiom,  h 
dissolutions,  all  the  substances  combining  are  ssm. 
times  in  the  samt  state.  The  mixed  gssea^  mixsdlL 
quids  f ,  metallic  alloys  t»  and  a  few  other  adid  tm^ 
pounds,  comprehend  the  whole  of  sach  bodies,  h 
fhem  the  proportions  of  all  the  conatituents  of  the  can. 
pound  may  vary  indefinitely  ;  or,  aobstances  in  the  jaar 
state,  are  capable  of  dissofowg  any  proportiom  of  esdi 
other. 

The  bodies  dissolving  each  other  are  aotnetimei  is 
diiFerent  states.  Water  and  many  other  liquids  dissohre 
all  the  gases  ;  and  all  the  gases  dissolve  water  and  seve- 
ral other  liquids  $•  Water,  &c.  dissolve  various  solids, 
and  many  solids  combine  with  water  ||  •  In  all  tbeie 
dissolutions  there  is  a  maximum  quantity  of  one  of  the 
ingredients ;  and  if  it  be  exceeded,  the  surplus  (suppo- 
sing the  quantity  of  the  other  ingredient  fixed)  wilJ  not 
be  dissolved.  When  gases  are  dissolved  in  liquids,  a 
given  bulk  of  liquid  can  dissolve  ouly  a  determinate 
portion  of  each  gas.  In  like  manner,  a  gas  can  dissolve 
only  a  determinate  bulk  of  liquid.  When  a  solid  com- 
bines with  a  liquid,  it  can  take  up  only  a  determinate 
weight  of  it,  provided  it  be  not  capable  of  assuming  the 
liquid  state  ;  for  every  hydrate  can  contain  only  a  deter- 
minate weight  of  water.      When  a  liquid  dissolves  a 


*  See  ptge  454  of  Volume  III.  -f  Sv*e  pa|^e  556.  Ibid, 

t  See  page  615.  Ibid.  \  Sec  page  505.  Ibid 
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aoliij,  it  Uk«3  up  onlj  s  delerminatc  quantity,  and  ihen  ^ 
loses  the  whole  of  its  action  on  the  remaiader.  Thus  it 
■ppearsi  that  whco  substances  in  difiereni  states  dissol  ve 
iMie  ftnothei',  each  of  ihem  has  a  maxitnum  and  a  nii- 
tumum  quantity  j  but  within  thete  limits  they  are  ca- 
pable of  dissolviag  each  oiber  in  any  proportions  what- 
ever. 

Some  liquids,  whose  cohesion  or  state  diffiTS  very 
Btuch,  though  in  (he  same  state,  are  capable  of  dissoU 
ving  each  other  only  in  certain  proportions.  Thus  wa- 
ter dissolves  only  Va-ih  of  Us  weight  of  ciher.  Such 
liquids*  fcsemble  subsiinces  in  diffcrenl  stairs,  aad 
therefore  follow  Uie  same  l^w  wish  regard  to  their  mu- 
tual solutions. 

2.  Those  bodieswhich  foimcompoundsdlfferingvery  Andrtotii- 
fnucU  from  the  constituents,  have  beta  iiioie  usually  i,„u„^ 
considered  as  chemical  combinations,  to  the  exclui>iou 
of  the  former.  In  all  ol  ihem  there  is  an  obvious  leni- 
dency  to  combine  only  i)  deierminate  proportions;  and 
in  the  most  sirilLin^  examples  these  proportions  are 
very  few. 

The  gases  unite  only  ia  one,  two,  or  at  inost  three.  Thereon' 
proportions;  and  it  is  very  seldom  that  we  can  unite   n'llpr*^^ 
them  directly  in  more  than  one.     Thus  oxygen  i^nd  iij-  tK'n'wlji. 
iiogta,  hydru^jen  and  -^z-ne,   unite  oul,  ii  out:  piupoi- 
Uoti.     Uicjigeii  and  muriatic  acid  uniic  lu  two  propor- 
tions i  but  ue  can  unite  them  directly  in  no  nort:  thau 
one.    Oxvgen  and  aznlc  unite  in  three  |iioi>oruoiisi  but 

^fUi  utiiic  them  directly  in  only  oae.      Ibe  other 
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Book  in.     eombinations  are  obtained  br  deconposing  the  oofti 
pound  formed  directly. 

In  like  manner,  the  combioation  of  a  gaseous  ai 
solid  bodj  is  limited  to  certain  proporrioos.  Oxypi 
unites  with  carbon,  phosphorus,  and  a ulphor,  in  tba 
proportions  ;  but  we  seldom  can  onite  them  direcdjii 
Viore  than  one.  With  metals,  also,  it  unites  usually  ii 
a  small  number  of  proportions.  Hydrogen  nnilcs  viik 
three  proportions  of  carbon,  and  probably  with  the  sam 
proportions  of  phosphorus  and  sulphnr. 

When  the  substaooes  that  enter  into  combinatioD  act 
more  than  two,  the  proportions  frequently  increase  ia 
number  ;  and  indeed  in  many  cases  baffle  our  attempts 
to  trace  them.  Thus  azote,  carbon,  hydrogen,  and  oxy- 
gen, are  almost  the  only  elements  out  of  which  all  die 
immense  variety  of  anipal  and  vegetable  substances  are 
formed.  But  from  each  of  these  substances  always  sf- 
feeting  the  same  properties,  there  is  reason  to  beliere^ 
that  even  in  these  complicated  cases,  the  proportions  are 
not  absolutely  unlimited,  but  fixed  and  determinate,  as 
in  the  more  simple  cases  which  we  are  able  to  examine; 
for  if  it  were  not  so,  no  two  animal  or  vegetable  bo- 
dies could  be  expected  to  possess  precisely  the  same 
properties. 

There  arc  no  liquid  bodies,  strictly  so  called,  that  ea- 
ter into  the  intimate  combination  which  we  are  now 
considering.  All  their  combinations  belong  to  the  class 
of  dissolutions. 

The  solid  bodies  which  combine  intimately  appear  at 
first  sight  to  be  capable  of  varying  their  proportions 
almost  without  limit.  Thus  we  may  melt  together  any 
proportion  of  sulphur  with  antimony,  iron,  or  potash  ; 
^vc  may  add  any  proportion  of  liquid  ammonia  to  nitric 
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mad:  Bat  in  all  these  cases  the  combination  it  net^- 
'  ,  strictly  speaking,  entitled  to  be  ranked  among  those  in* 
-^  timate  ones  which  we  are  considering,  unless  we  limit 
,  ^   the  quantity  of  each  ingredient  to  certain  determinate 
^   proportions.     If  the  proportions  be  unlimited,  the  com* 
^    bination  belongs  to  the  class  of  dissolutrons ;  the  pro- 
perties of  the  predominating  constituent  remaining  uum 
impaired  and  unaltered.     WhencTer  the  combination  it 
intimate,  and  the  properties  of  the  constituents  conceal- 
ed, then  the  proportions  are  not  only  limited,  but  in 
most  cases  do  not  exceed  one  or  two.     Thus,  to  coa- 
stitnte  neutral  salts,  we  must  combine  the  acid  and  the 
base  in  one  determinate  proportion  ;  and  probably  the 
rule,  with  a  few  exceptions,  extends  to  ihe  sulphurets 
also. 

Thus  we  have  found  reason  to  ^nclude,  that  in  cases  of 
chemical  dissolution,  the  ingredients  unite  in  any  propor- 
tion whatever,  except  when  the  proportion  of  one  of  the 
ingredients  is  limited  by  the  difference  of  its  state  from 
that  of  its  solvent ;  as,  for  example,  when  the  solvent  is 
liquid,  and  the  substance  dissolved  gaseous  or  solid. 
But  in  cases  of  chemical  combination,  the  ingredients 
affect  determinate  proportions  :  proportions  which  pro- 
bably depend  on  the  tendency  which  bodies  have  to 
combine  atom  to  atom,  or  one  atom  of  one  with  a  de- 
terminate number  of  atoms  of  another. 

Mr  BerthoUet's  doctrine  seems,  then,  to  require  asmall 
modification,  as  far  as  the  proportions  of  chemical  com- 
pounds are  concerned.  Bodies  indeed  seem  capable  of 
uniting  in  varibus  proportions  ;  but  surely  the  pheno- 
mena are  far  from  indica  tingthat  the  proportions  are 
unlimited.  It  is  true,  indeed,  that  the  illustrious  che- 
ipist,  whose  opinion  I  am  considering,  allows,  that  in 
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mo9t  compounds  the  proportion  of  the  iogredtCDH  i 
determinate^  and  auignt  reatooa»    equally  iogcuta 
and  plausibk,  hj  which  be  is  eoaUcd  to  czidaiiii; 
withoot  being  under  the  neceasit j  of  giving  ap  hit  a|^ 
nion.     The  circumstances  which   he   points  oel  ai 
doubtless  of  great  importance,  and  cootribnte  io  sosi 
sidcrable  degree  to  the  productioo  of  the  ptrmwwt 
compounds  which  we  baye  been    conaidering,    Te 
they  do  not  seem»  io  all  cases  at  leaat,  anflkient  Uwk 
eount  for  the  determinate  proportiona  in  which  sabttiB. 
ces  combine,  unless  we  suppose  in  the  atoms  themsslwi 
a  tendency  to  unite  in  dctermiiiate  quantitiea. 


SECT.  n. 


or  OECOMFOSITIOK. 


IF  into  a  solution  of  nitrate  of  silver  we  drop  a  quao* 
tity  of  liquid  potash^  a  portion  of  the  metallic  oxide  im« 
medately  separates  from  the  solution,  and  falls  to  the 
bottom.  Thus  potash  has  the  property  of  decomposing 
ofdecom-  nitrate  of  silver  by  separating  the  oxide.  The  same 
***^^**"*  experiment  succeeds  if  we  drop  soda  into  a  solution  of 
sulphate  of  magnesia.  The  magnesia  separates  firom 
the  acid  and  falls  to  the  bottom,  while  the  soda  takes  iti 
place.  Just  the  reverse  happens  if  barytes  water  be 
poured  into  a  solution  of  sulphate  of  soda.  The  ba- 
rytes  and  sulphuric  acid  separate  in  combination,  while 
the  soda  remains  in  solution.  We  obtain  the  same  re- 
sult when  we  pour  muriatic  acid  into  nitrate  of  silver. 


■I 

I 
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The  morttttc  add  tnd  the  oxide  of  silver  separate  to- 
gether, karing  the  nitric  acid.  Whto  muriate  of  b|u 
rjtes  is  mixed  with  sulphate  of  soda,  the  sulphuric  acid 
•nd  the  barjtes  mute  together,  and  separate  from  the  te^ 
liitioo,  while  the  muriatic  acid  and  soda,  also  combiiMid 
teigether,  remain  dissolved.  ,  The  jMme  thing  ^appeiis 
3irben  oxalate  of  ammonia  is  mixed  with  nitrate  of  lioat • 
The  oxalic  acid  and  Itme  separate  in  combioatioa,  while 
the  nitric  acid  and  the  ammonia  remain  in  solution. 

Thm  it  appears  that  substances  have  the  property  of 
Separating  others  from  compounds  of  which  they  form  a 
-coDstitueot.  Now  the  great  object  of  chemists  is^  to 
find  a  body-  x,  capable  of  separating  a  bodj  a  from  ano- 
Aitr  bodj  b»  It  is  hy  this  means  that  chemical  analyses 
•re  efiected.  He  accordingly,  who  is  able  to  resolve 
the  problem  in  the  greatest  variety  of  cases,  is  the  most 
skilful  practical  chemist. 

Chemists,  at  a  very  early  period  of  the  science,  began  AKiibed  to 
to  collect  examples  of  these  decompositions,  and  to  en-  *^*^T* 
dearottr  to  explain  them.  Mayow  seems  to  have  been 
ione  of  the  first  who  riewed  the  subject  in  the  pra^r 
light.  He  has  left  a  dissertation  on  the  combination  of 
tile  acids  and  bases,  and  of  theirdecompositions,  in  which 
«  consideraUe  number  of  facts  are  stated  with  accuracy, 
tboDgh  Che  imperfect  knowledge  of  the  subsunces  fre- 
qtiently  misled  him  in  his  explanations  \  1«  1716, 
Geoffrey  thought  of  arranging  the  sobstances  in  a  table, 
in  the  -order  in  which  they  separate  lone  anothtr  4rom 
a  given  body.  This  ubJe  Was  afterwards  corrected  and 
enlarged  by  differentchemists,  especially  by  Geliert  and 
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Book  in.    iimlmrg.    But  it  wa«  Bergmaa  who  fim  reduced  tk 

'  doctrine  of  decompositioo  to  regvlsr  otder,  gmve  tk 

minout  and  satisfaccorj  theoiy, exhibited m  completer 

lies  of  tables,  and  explained  the  ananalies  or  appmt 

•iceptioQs  to  hit  theory,  which  had  been  pointed  oasky 

the  experiments  of.  Baumi,  Marherr,  and  other  cb 

Oiists.     His  dissertauon  was  first   publiahed  in  ITQ^ 

and  afterwards  in  a  more  perfect  form  in  1783.    Tk 

opinions  adopted  by  this  illustrioua  philosopher  woe 

universally  acceded  to,  and,  till  within  these  few  yem^ 

chemists  considered  them  as  the  basis  of  the  whole  sti. 

cnce,  and  were  anxious  only  to  fill  up  the  chasms  wkid 

be  had  left. 

Bergman's  theory  of  decomposition  may  be  stated  is 

a  few  words.     Accordinf^  to  him,  all  sobstanoes  wfaid 

combine  have  an  afiimiy  for  each  other*     Now  the  st 

finity  of  two  bodies  for  each  other  is  a  constant  foroti 

which  may  be  represented  by  numbers.     It  varies  in 

intensity  in  difierent  bodies  ;  so  that  the  aflinity  of  a  bo- 

_^  .    .       dy  a  for  c  is  not  the  same  as  that  of  i,  but  always  »• 
Of  elective       -^  —   .      .  .  "^ 

attr^ctioB.    thcr  greater  or  less.     Affinity  is  elective  f  that  is  to  say, 

if  a  has  a  stronger  affinity  for  m  than  i  has,  and  if  «be 
combined  with  6,  forming  a  com  pound,  which  we 
may  represent  by  ml ;  a,  upon  being  mixed  with  this 
compound,  has  the  property  of  separating  d  completelj 
from  m,  and  taking  its  place,  so  as  to  form  a  new  com- 
pound ma,  while  6  is  entirely  disengaged  ^. 

According  to  this  explanation,  decompasiiiom  measures 
the  intensity  of  the  afiinity  which  exists  between  bodies. 
If  a,  upon  being  added  to  the  compound  mb^  separato 
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i  and  forms  the  compound  am^  then  a  has  &  greater  affi.    .?*'P'  ^' , 

nitjr  for  m  than  6  has.     Hence  the  tables  of  decomposi- 

lions  pablished  by  Bergman  were  called  tables  of  elec" 

tivt  aitractimw,  or  of  affinity »    They  were  considered 

as  indicating  the  order  of  affinity  ;  and  attempts  were 

rvcn  made  to  express  the  intensity  of  the  affinity  of  each 

particular  body  by  numbers.     This  opinion^  however^ 

did  not  originate  with  Bergman.    It  prevailed  long  be» 

fore  his  time ;  being  hinted  at  by  Mayowv  expreased  im 

rather  a  clearer  manner  by  Geoffiroy,  and  stated  at  great 

length  by  limbourg  and  Sage  *•   Hence  the  tables  were 

coDStructcd  not  merely  from  the  order  in  whidi  the  de* 

compositions  take  place,  but  substances  were  placed  in 

them  even  when  they  produced  no  sensible  decompod* 

tioiiSy  when  other  circumstances  seemed  to  indicate  the 

order  of  Aeir  affinity.     This  is  the  case  to  a  very  coo* 

aiderable  d^ree  in  the  tables  of  affinity  given  by  Geof« 

froy,  Limbourg,  Roitelle,  and  even  of  Bergman.    GreU 

lert's  table  is  constructed  upon  a  difierent  plan.     It  ex* 

ilibits  the  order  in  which  bodies  unite  most  readily,  and 

only  gives  the  order  of  decomposition  incidentally. 

This  table,  though  imperfect,  deserves  considerable  at* 

lantioo.     It  appears  to  have  been  constructed  almost 

entirely  from  actual  experiment,  and  obviously  furnish* 

ed  Bergman  with  the  greatest  part  of  the  columns  in  his 

sables,  which  profess  to  give  the  affinities  of  bodies  im 

the  iry  way,  or  when  subjected  to  heat  f. 

Such  were  the  opinions  entertained  by  chemists  when  OppoKdby 
BcrthoUet  published  his  dissertatioa  on  affinity  in  the 


•  DiiseriMikm  dt  Jean  PhiUipe  Umboorg,  M.  D.  sur  Us  Affiniu  Cbi- 
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thlfd  volume  of  ihe  Memoir*  of  the  InstiUlc,  udc 
cd  in  c|ii«uion  the  fiindamcniKl  pTopobilioni  of  the  i 
my  of  Bergman.     He  allowed,  indcrd,  thai  bodici 
fcr  in  the  licgrcc  of  their  affinity  for    t^xcfa  other; 
■hewed  ihit  it  cannot  be  considered  as  m  conuint  fm^ 
•incc  it  varies  with  the  qiianiiij  of  the  seeing  I 
quantity  briii|Tcapal)lc  of  supplying;  (he  place  of  >&iui||( 
He  proved  likewise,   by  a  variety  of  well    choac 
convincing  esamplea,  thai  dtromfioiiticm  cannot  be  egC 
■idered  ai  the  mcaiiire  of  the  inienbiijr  of  alHniiy  j 
the  immediate  eti'ecc  nf  ufBniiy  it  in  all   caaes  a  coi 
ntlion  ;  and  that  it  never  occasioBB  decom|Nnition 
Mpt  bdirectly,  and  in  contequenoe  of  circumarancnd 
1  together  unconnected  with  ibe  inteniity  of  affinity. 
I  t  According  lo  this  new  doctrine,  nfliniiy  ia  not  ciM 
tive.     A  lubiitancc  which  has  a  stronger  afltnilyia  M 
[  ^Bpab'e  of  sepanti'ig  completely  ihoac  which  have^ 
I  ikeaker  affinity  i  ot  if  iliit  happeni,  aocne  otbcr  cat 
\  laiervcnet.     Instead  of  separating  the  weaker  bttdy, 
I  Avidea  with  it  the  base  to  which  that  body  waa  uaiu 

li  combining  with  a  part  proportional  to  the  ittengt 

u  tff  its  affinity  and  the  quantity  preicnt.      Tliia  new  a|t 

L  Bion  in  exaaJy  the  opposite  of  the  old  one.     Accordi^ 

\  to  the  former  hypothesis,  when  sulphuric  acid  is  in 

I  into  nitre,  it  separates  the  whole  of  the  nitric  acid,  ■ 

lakes  its  place :  According  to  BcrihoUei,  each  oft 

acids  combines  with  a  portion  of  tbe  base  of  the  nit 

and  the  portion  which  unites  to  cadi  is  proporttoaal 

the  strength  of  affinity  and  the  quantity  of  each  ad 

employed.  t 

fierthollet  appears  to  me  to  hive  established  tbe  Ad 

damenial  part  of  his  doctrine  i  DBinely,    hatqutoii^ 

alters  ihe  force  of  affioiiy,  and  tb»t  dccoutpiisitioai 
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'   aol  occa&ioned  by  elective  attraction  ;  hy  experiments 

a»p^ 

'    equally  decisive  aiid  convincing.      We   oiusi  therefore 

' 

'    Eondutle,  iliat  the  tables   published  by  Bergman  nnd 

'    other  chemists  do  not  feprescnl  correctly  the  order  of 

'    aSniiies,  but  merely  ur  dieompmuioa.     Indeed   Bor- 

'    IhoUel  has  shown,  that  in  many  casLS  ihey  do  not  cvea 

'    represent  Ihe  order  ol'  decomj.osiiions  correctly  j  lhos« 

'    dccomposilioni  which  ihe  lablei  represent  as  complete 

being  only  partial,  and  lomelunes  depending  in  a  great 

measure  upon  the  proportions  of  the  ingredienls  em> 

ployed. 

Berthollet  considers,  as  the  only  standard  of  the  io- 

Hi.  MU- 

Atri  of  ifi. 

lensity  of  affinity,  the  quantiiy  of  a  given  body  neces- 

Diry 

sary  lo  neutralize  a  given  weight  of  another.     He  suj>- 

poses  the  aiTinity  inverseiy  as  this  quantity.     Thu9»  if 

it  be  required  to  find  the  proporiionat  affinity  of  the 

three  bodies  b,  c,  and  d  for  A.     If  to  neutraliie  a  givea 

weight  of  A  =  1,  there  be  required  of 

^^^1 

b  a  weight  =  1 

^^^H 

^H 

d =  3 

Then  the  afliniiies  of  ^,  c,  and  d  for  A  are  respectively 

■ 

ti  Ihe  inverse  of  the  numbers  l,  2,  and  3. 

^^^^B 

Affinity  of  £  =  l  or  Q 

^^^^ 

t=\  or  S 

'^^^H 

<f=^or2 

^^^^1 

This  opinion  seems  to  have  first  occurred  to  Kirwan, 

^1 

H 

Talent  theory  of  elective  attractions.    As  new-mndellcd 

^1 

by  Berthollet,  it  appears  txiremcly  plausible,  and  cor- 

I 

responds  well  with  many  cbemital  phenomena:   but  it 

D^eodioa       M 

depends  for  its  plausibility  upon  the  particular  view  of 

ho  dcfiDi-          ■ 
tioDutoeu.       ■ 

neuiraliLation  which  BenhoUet  has  given.     He  con- 

tr^atioD.        H 

^ 
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Nol  lup* 


shering  Ihe  meaning  of  language,  ibal  in  water,  one      Ch»p.  V. 
of  the  most  insipid  of  all  compounds,  the  oxygen  and 
hydrogen  neutralize  each  other  ? 

An  opinion,  nearl;  simUac  to  that  of  BenhoUel,  seems  noi  lup. 
to  have  been  enteruincd  by  Sir  Isaac  Newioii,  and  1  a 
far  from  preteoiiing  to  call  it  in  question.  It  may  vei 
possiblj'  be  true  ;  but  so  imy  ihe  opposite  opinion, 
which,  indeed,  might  be  suppocted  by  plausible  argu- 
iDents.  The  truth  is,  and  ti  is  now  full  time  to  declare 
it,  that  we  are  profoundly  ignorant  of  every  thing  re- 
garding  ihc  strength  of  affinity.  Benhollct  has  suc- 
ceeded in  overturning  all  our  preconceived  opinions  on 
the  subject,   but  he  has  not  been  so  successful  in  esta.  I 

bliihing  bis  own. 

As  the  tables  of  affinities  (as  they  have  been  called) 
hare  been  thus  demonstrated  not  to  indicate  the  real  or- 
der of  aiSniiies,  and  as  the  decompositions  on  which 
tbey  are  founded  are  often  illusory,  and  seldom  com- 
plete, the  tables  themselves  must  be  considered  ai  of 
litUe  value, and  as  lending,  inmost  cases, rather  to  mis- 
lead than  to  convey  accurate  information.  For  that 
reason  I  have  omitted  them  iu  the  preceding  part  of  this 
Work  •. 

Table's  of  decomp»iitioni,  indeed,  even  though  only    Tibl«i  of 
partial,  would  be  of  value,  provided  they  could  be   tioo.  ^^ 
constructed;  but  unfortunately   it  is  only  in   a  limited 
number  of  cases  that  we  can  ascertain  the  order  in  which 
bodies  decompose  eachotlier:  in   most  cases  we  must 
be  contented  with  analogy.     The:  following  tables  are 


•  1  dtall  pUc«  thr  riMxc  imponatic  put  of  Bergman'*  Table  it  etc 
cad  oTtfaii  Ch^cr,  u  >i  ii  frcquetxly  rcfLrrcd  lo. 
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^^ookllf.^  constructed,  partly  from  the  order  of  dcoompOBtioo, 
and  partly  from  the  order  of  combintfrion,  when  twobo> 
dies  are  presented  at  once  to  a  third.  They  are  of  tone 
value  in  a  practical  point  of  view,  though  tbej  du9v 
but  little  light  on  the  strength  of  afl^nity. 

I.  OXYCEK. 
Otjrgen,  Hydrogen 

linl^  Carbon 

bkf  lod  in.  Phosphorus 

h\tu  Sulphur 

Azote 

Muriatic  acid 
All  these  bodies  unite  to  oxygen  (if  we  consider  th« 
facility  in  all  circumstances)  nearly  in  the  order  of  the 
table.  None  of  them  are  capable  of  decomposing  wa- 
ter,  unless  carbon  be  an  exception.  Charcoal  decom- 
poses water  at  a  red  heat ;  but  hydrogen,  in  its  turn, 
decomposes  carbonic  acid  at  the  same  temperature. 
Thus  the  power  of  decomposition  is  reciprocal ;  but  I 
place  hydrogen  first,  because,  when  carbureted  hydro- 
gen  is  mixed  with  an  under  proportion  of  oxygen,  and 
fired  by  means  of  trlectricity,  the  hydrogen  con^bines 
with  the  oxygen  in  preference  to  the  carbon.  Charcoal 
decomposes  phosphoric  acid  at  a  red  heat,  and  phospho- 
rus decomposes  carbonic  acid  at  the  same  temperature; 
but  I  place  carbon  first,  because  the  phosphorus  does  not 
seem  capable  of  decomposing  water  like  charcoal,  and 
because  its  aaion  on  carbonic  acid  requires  to  be  facili- 
tated by  the  presence  of  a  b?  j^^Sulphur  does  not  seem 
to  be  capable  of  decomposi  ^^^^oric  acid,  but  phos- 
phorus acts  to  a  certain  <  ^^  tolphuric.  Sul- 
phur is  kno\yn  to  decom{  ^U,  St  least  parual* 
ly  i   but  a&ote  has  no  «       ^  XMW  tnlpbnnc  a* 


a 


cad.  Though  muriatie  add  he  placed  last  in  brder,  h  fc^^.  v> 
is  known  to  he  capahle  of  separating  a  certain  portion 
of  oxygen  from  nitric  acid  ^  but  nitrous  gas  deprivea 
oxymuriatic  acid  of  the  whole  of  its  oxygen,  .and  ton- 
verts  it  into  muriatic  acid.  Such  are  the  reasons  for  ' 
placing  the  simple  cdmbustibles  and  incombustibles  In 
the  order  of  the  preceding  table. 

IL  Oxygen  and  Acid  Solutitii8« 

Zinc  M«»M 

-  item  acid 

iron  'idiitiooa» 

Tin 

Antimony 

Arsenic 

l.ead 

BismutU 

Copper 

Flatinuni 

Mercury 

Palladium,  Rhodium  > 

Iridium,  Osmium      J 

Silver 

Gold 
This  table  exhibits  the  order  in  which  the  mettfh  pre^ 
cipitate  each  other  in  the  metallic  state  from  acid  and 
alkaline  solutions.  Zinc  and  iroir  throw  down  all  the 
metals  below  them,  either  in  the  metallic  state,  or  in  the 
state  of  a  black  powder,  as  happens  to  antimony, 
arsenic,  bismuth,  and  the  four  new  metals  discovered 
in  crude  platina.  Ritter  has  announced  that  these 
Uack  powders  are  combinations  of  the  metals  with  hy« 
dhrogen.  This  assertion  deserves  to  be  verified.  Il 
wottld  be  of  considerable  importance,  in  explaintng  tUe 
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mt-  natDTC  of  the  precipitation,  if  it  were  to  prore  tme. 
am  noi  ctrlatn  whether  aniimoiiy  and  arscatc  precipil 
the  metals  below  them,  but  lbs;  are  acted  on 
speedilj  bf  tin  than  either  lead  orcoppcr.  Lead 
piiaies  copper.  Bismuth  and  platinum  arc  inacrted 
ly  from  Bn:ilof;y.  Copper  throwa  dvwa  mercury, 
mercury  silver  and  gold. 

Mr   Sylvester  has  lately  rendered    it  ver^   probi 
that  these  precipilattons  arc  oocasioDcd  by  ih«  p^Ti 
action  of  meiaU  on  each  other.     It  hai  bc«n  shown  bf 
Volta,  tliai  metah  differ  in  the  avidity  with  which  th^ 
absorb  elccirtcity  ;  and  that  when  two  melali  ore  pile 
in  contact  and  separated,  ihe  one  becomes  fbu,  and  i 
other  minut  eleciiified.       In  ihia  reipect  ihey   may 
arranged  in  a  re^lar   series,  zinc  being  at  the  one  ( 
tretnity,  and   gold  at    the  other  ;  all   the  metals   which 
precede  having  the  propcny  of  changing  to  aunas  tbi 
electricity  of  all  the  mculs  below  them.      Now,  wlxs 
metals  are  in  difTcrcnl  si  ales  of  electricity,  it  has  beta 
shown,  ihjt  when  placed  properly  they  decompose  wa- 
ter, and  produce  all  tbcotlisr  phenomena  of  galvani 
Mr  Sylvester  has  rendered  it  extremely  probable,  that 
it  is  the  hydrogen  evolved  that  produces   the  redtioioo 
of  the  metal  *.     If  this  opinion  be  correct,  the  order 
which  the  iiietaU  precipitate  each  other  ought  to  he 
precisely  tliU  of  their  tendency  lo  take  electricity  ftom- 
each  other. 

Were  w«  to  endeavour  to  unite  tlie  two  precedtag  table^ 
into  one,  these  observations  would  indicate  that  hydrogen 
ought  to  be  placed  immediutcly  after  tin.       Vet  liDt% 
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leexpcrimcnts  of  Priesley,  we  know  that  hydrogen  is 
capable  of  reducing  oxide  of  iron  to  the  metallic  state- 
Charcoal  likewise  decomposes  the  oxides  of  all  metals  i 
but,  on  the  other  hand,  the  oxides  of  zinc,  iron,  tin, 
vid  some  others,  have  the  property  of  decomposing  car< 
bonic  scid.  Phosphorus  precipitates  all  the  metals  be- 
low lead,  and  perhaps  even  some  above  it.  Elvea  sul- 
phur reduces  most  metallic  oxides  i  but  many  of  them 
io  return  decompose  sulphuric  acid  when  assisted  by 
beat.  Hence  the  relative  places  of  the  simple  combus- 
tibles and  incombustibles  cannot  well  be  ascertained. 
Probably  we  shall  not  err  far  if  we  place  hydrogen  af- 
ter tin,  carbon  after  antimony,  phosphorus  after  lead, 
sulphur  after  copper,  and  azote  and  muriatic  acid  after 
mercury.  Were  we  to  complete  the  table  from  analo- 
gy, the  refractory  metals  and  manganese  would  be  pla- 
ced before  zinc,  and  nickel  just  before  platinum  :  Bat 
•ach  analogies  are  very  apt  to  mislead. 
III.    Acid  SoLtiTioMt. 

Protoxide  of  iron 

Peroxide  of  silver 

Red  oxide  of  mercury 

Peroxide  of  zinc 

Oxide  of  manganese 

Oxide  of  lead  i 

Peroxide  of  copper 

Peroxide  of  iron 
This  table  exhibits  the  order  in  which  the  metallic  ox- 
tdes  precipitate  each  other  from  those  actd  solutions  ia 
Vhich  they  are  respectively  soluble.  It  was  drawn  up 
from  the  cxpcrimerits  of  Gay  Lussac.  The  relative  or- 
der of  several  of  the  oxides  is  not  quite  certain,  but  they 
all  precipitate  peroxide  of  iron,  and  most  of  them  perox- 
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Book  II J. ^   ide  of  copper:  while  thU  latt  throws  down  pero^df  «k 
iron  *. 

from  IV.      ACfD  SoLTTTIOKS. 

Fixed  alkalies 

Barjtes 

Strootian 

liipc 

Ammonis^ 

lyiagneuf 

Yttria    7 

Glucina  j 

Zircon  is 

Alumina 

Metallic  oxides 
Tbi§  taUe  represents  the  general  order  in  which  the 
^ases  precipitate  eaqh  other  from  salin^  solutions ;  but^ 
there  are  many  exception^.  Pc;rthpllet  has  even  made 
it  probable^  that  the  order  of  precipitation  varies  with 
the  proportion  of  the  ingredients  used.  He  has  demon- 
Stratedy  that  the  precipitation  is  rarely  or  never  com- 
plete ;  that  the  bases  divide  the  acid  solvent  between 
them  in  proportion  to  their  relative  quantities,  and  to 
the  quantity  of  each  necessary  to  neutralize  the  acid. 
It  is  obvious  that  all  those  cases  must  be  excepted,  in 
which  the  acid  and  base  or  precipitant  form  an  inso- 
luble compound,  because  then  they  prtcipitate  in  com- 
bination. I  plaqe  the  fixed  alkalies  first,  because,  when 
muriate  of  barytcs  is  dropt  into  potash  bo  pure  that  it 
occasions  no  muddiness  in  baryte^^Haie  water,  a  fla« 
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Vy  precipitate  constantly  appears*  No  difference  can  ,  ^^P*  ^\ 
be  perceived  in  t])e  action  of  potash  and  soda  in  this 
respect.  These  alkalies  do  not  precipitate  one  another. 
Potash  is  placed  first  in  the  tables  of  Bergman,  merely 
because  it  forms  with  ar.ids  less  soluble  salts  than  soda  ^ 
snd  therefore  (as  BerthoUet  has  shown),  when  a  saline 
solution  containing  the  two  alkalies  is  evaporated,  the 
salts  of  potash  crystallize  first.  It.  has  not  been  proved 
that  bary  tes  precipitates  strontian  and  l^me  ;  even  if  it 
did,  it  could  never,  with  propriety,  be  used  as  a  precu 
pitant  of  them.  It  is  known  that  ammonia  never  occa- 
sions a  precipitate  in  the  solutions  of  the  three  alkaline, 
earths  that  precede  it  in  the  table ;  but  it  precipitates 
all  the  bodies  that  follow  it,  if  we  except  thpse  metallic 
oxides  which  it  is  capable  of  holding  ia  solution* 

How  far  magnesia  is  capable  of  precipitating  the  earths 
ySaced  below  it  in  the  table,  has  not  been  examined  ; 
but  it  is  probable  that  it  is,  as  it  is  capable  of  fprming 
neutral  salts  with  acids,  which  is  not  the  case  with 
them.  The  marked  attraction  which  magnesia  shows 
for  alumina  would  perhaps  prevent  it  from  taking  the 
place  of  alumina ;  it  would  probably  combine  and  form 
with  it  a  substance  insoluble  nearly  in  potash.  Zirco- 
oia  is  placed  merely  from  analogy.  Alumina  is  pror 
kably  thrown  down^  at  least  partially,  by  glucina,  as  it 
forms  with  acids  a  salt  approaching  more  nearly  to  neu- 
tralization. Several  of  the  metallic  oxides  precipitate 
ammonia ;  but  the  relative  power  of  the  substances  pla- 
ced in  the  table  below  ammonia  is  not  of  much  impor- 
fance,  as  they  cannot  well  be  employed,  except  indirect- 
!▼,  as  precipitants. 

The  acids  do  not  precipitate  each  other  from  bases;   Adds  do 
Ae^forc  no  table  can  be  given  of  them.      Mapj  pf  meach^ 

other. 
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I  ihill  now  give  a  Tible  of 
beve  tbe  property  of  aepantb 
or  conipletely  from  lolottoDi,  : 
employed  by  chemiita  to  ueei 
mpective  bodiei,  or  to  detemii 
a  table  cam  comprehend  only  di 
Kc  oxidei,  «cid%  and  a  Cew  < 
Tbe  limple  mbtlanoea  arc  in 
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V.    Gbvikal  Tabu  < 

I.  Alialiii. 

PolBih ' 

Soda 

Ammonia... 

There  aro  no  aubitance*  knowi 
the  fixed  atkalra.  They  an 
other  substances  from  them,  coi 
and  atcertaining  the  propertit 
Tartaric  acid  detects  potash  in 
slowly  into  solutions  contsininj 
which)  being  nearly  iosoluble, 
small  crystals.  Phosphoric  ac 
salt  nearly  insoluble  in  cold  wa 
used  as  a  precipitant.     We  kno 
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blc  of  precipitating  soda  in  this  way.      All  the  kno^vn     Chap,  v.^ 
salts  of  soda,  except  the  fluate,  oxalate,  and  campho- 
rate,  are  very  soluble.    Though  ammonia  does  not  pre- 
cipitate, yet  it  becomes  perceptible  by  ils  odour,  when 
solutions  containing  it  are  mixed  with  a  fixed  alkali. 


2  Alkalin^  Eaitbs.  Preclfntanu. 

Barytes.... Sulphuric  acid 

I 

Strontian..... Sulphuric  acid 

Lime.. Oxalic  acid  f 

Magnesia Phosphoric  acid 

All  the  alkaline  earths  are  precipitated  completely  by 
the  alkaline  carbonates,  and  they  are  commonly  used 
for  the  purpose.  The  acids  indicated  in  the  table  like* 
wise  precipitate  completely,  provided  they  be  combi. 
ned  with  an  alkaline  base,  and  the  proper  precautions 
be  taken  to  remove  bodies  that  might  impede  the  action. 
3ulphate  of  soda,  may  bt  said*  to  precipitate  barytes 
completely  from  all  solutions ;  but  it  does  not  act  so 
powerfully  upon  strontian.  Oxalate  of  ammonia  acts 
with  nearly  the  same  energy  on  lime,  provided  there  be 
no  excess  of  acid  present.  But  the  oxalate  of  lime  is 
soluble  in  most  acids.  We  have  no  good  precipitant  of 
magnesia ;  it  is  usually  detected  by  separating  the  6ther 
bodies,  and  then  throwing  it  down  by  means  of  an  al- 
kali. Phosphoric  tftid  has  been  proposed  by  Dr  Wol- 
laston.  His  method  is  ingenious.  He  pours  carbonate 
of  ammonia  (as  nearly  neutral  as  possible)  into  the  mag- 
nesian  solution.  No  precipitate  appears,  because  the 
carbonic  acid  is  sufficient  to  keep  it  in  solution;  but,  on 
adding  phosphate  of  soda,  it  falls  down  in  an  insoluble 
state  combined  with  the  phosphoric  acid. 


Alkaline 
eartlu. 
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Yttria Ammonia,  pruitiate  of  potash 

Glacioa Ditto, ditto 

Zirconia Ditto,  bydrosulpburel  of  potash 

Alamina Ditto,  ditto 

AU  these  earths  are  precipitated  b^  tlie  alkaline  csAo. 
nates.  None  of  them  has  ui  appropriate  predpitstebj 
means  of  which  it  is  detected  and  separate4«  The  ». 
paration  is  accomplished  by  more  complicated  meass. 
If  the  solution  be  in  sulphuric  acid,  indeed,  alumina  maj 
be  detected  bj  means  of  potash,  crystals  of  alum  grtt 
dually  separating, 

%/lf^\r         4.  MsTALUc  OsioBt.  Procl|)itMm, 

9sMc*»  CUAA  S  ^P^^^  ^^  ^'^^ 

C  Nitrate  of  mercury 

Platinum ••••Sal  ammoniac 

Silver..««»^«^« Muriate  of  soda 

Mercurj^.^^.^^^^..Mttriate  of  soda 
Palladium Prussiate  of  Mercury 

^"^o^^^^ <^?Zinc 

Iridium 0  3 

Osmium... O,  Mercury 

Copper.. .....•.••.O,  Iron 

Iron Succinate  of  soda 

Nickel •••.O,  Sulphate  of  potash 

Tin Ozymuriate  of  mercury 

Lead.... ••.... ..••••Sulphate  of  soda 

Zinc ....O,  Alkaline  carbonates 

Bismuth.... Water,  muriate  of  soda 

Antimony. ••, Water,  bydrosulphuret  of  potss2^ 

Tellurium  ••••••.••Water 

Ar8enic..«,^*^«*^^«.Nitrate  of  lead 
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^',  MitTALUc  Oxides.  Precipitants.  P^P-Y- 

Cobalt O,  Alkaline  carbonates  ▼ 

Manganese Tartrate  of  potash 

Chromium Nitrate  of  lead 

Molybdenum O 

Uranium.,.., Prussiate  of  Potash,  alkalies 

Tungsten O,  Muriate  of  lime 

^  Titanium ....Infusion  of  g^lls 

Columbium... Zinc,  Infusion  of  galls 

Ceriuqa ••••.Oxalate  of  ammonia 
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Almost  all  the  metallic  oxides  may  be  thrown  dowi| 
either  completelj  or  partially  by  means  of  the  alkalies, 
alkaline  carbonates,  or  alkaline  earths.  Hydrosulph^- 
ret  of  potash  likewise  throws  them  almost  all  down  ; 
but  many  of  them  have,  besides,  particular  precipitants, 
by  means  of  which  they  may  be.  separated  from  solu- 
tions. The  precipitants  usually  employed  are  inserted 
in  the  preceding  table. 

The  sulphate  of  iron  throws  down  gold  in  the  metal- 
lic state,  and  is  commonly  employed  to  separate  that 
metal,  except  when  the  solution  contains  iron,  and  we 
wish  to  ascertain  its  quantity ;  in  that  case  nitrate  of 
mercury  may  be  used. 

Platinum  is  precipitated  from  nitro-mufiatic  acid  in 
the  state  of  a  yellow  powder  by  sal  ammoniac.  This 
is  the  precipitant  commonly  employed,  because  the  am- 
monio-muriate  of  platinum  is  easily  decomposed  bjr 
heat* 

Silver  is  completely  precipitated  from  almost  all  so- 
lutions by  common  salt ;  the  muriate  of  silver  being 
insoluble  in  most  liquids.  It  is  one  of  the  best  precipi- 
tants with  which  we  are  acquainted. 
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Mercury  is  usually  detected  and  &eparsicd  fay  ttk 
mation.    There  is  no  good  precipiiani  of  it 
in  the  tUte  of  protoxide  ;  then  oiariate  of  n 
down  almost  completely. 

Dr  Woll»lon  hai  shown  that  palladtuiE 
parnied  ftom  Ditto- muriatic  soluiioos  by  nu 
■iate  of  mercury.      No  good  precipitant  of  rbc 
known.     Dr  WoUasion  obtained   it  la  a 
by  means  of  common  salt.     Neither  do 
good  precipitant  of  itidium  or  osminin  i    Mr  T( 
Kpirated  the  first  by  means  of  zinc,  and  the 
E^  means  of  mercury. 

No  laline  precipitant  of  copper  tufficiendy  acoint 
for  use  is  known  ;  the  metal  is  usually  thrown  dowab^ 
means  of  «  plate  ofiron,  or  by  snlphureted  hydrogta. 

Succinate  of  soda  or  ammonia  hti  lately  been  nd 
with  much  advantage  as  a  precipimnt  of  iron. 

No  precipitant  of  nickel  is  known.  Pronst  tnd 
tulphaic  of  potash  to  separate  tt  from  cobalt  by  attm 
of  repeated  crystal!  izalioni. 

There  is  no  good  precipitant  ot  tin ;  it  may  be  tbroan 
down,  however,  pretty  completely,  by  roeaas  of  oij- 
inuriale  of  mercury.  Xinc  is  comnsonly  employed  t> 
fcparate  it  from  solutions. 

Lead  is  thrown  down  very  completely  from  it»  nlo- 
tions  by  sulphate  of  soda. 

There  ii  no  good  precipitant  of  zinc  known.  Tbe 
method  employed  by  chemists,  when  they  wish  to  oh. 
tain  it  from  solutions,  is  to  separate,  in  the  6nt  pUct, 
'  all  the  earths  and  other  mctiillic  oxides  that  may  be  pre* 
sent,  and  then  to  throw  down  the  zinc  by  mcaotofia 
alkaline  carbonate. 

Bismuth  is  ihruwD  down  from  its  solulioa  by  water 


VECOUrOSITtOK.  60 

ubA  by  muriate  of  soda.     The  white  precipitate  does     Chap.  V 
not  blacken  when  exposed  to  the  sun;  oeilher  is  it  solu-  ' 

blc  in  nitric  acid,  which  &ufHcieD|]7dislii)guistie5  it  from 
muriate  of  silrer. 

Antimony  ts  precipitated  by  waici.  Hydrosulphu- 
IM  of  pota&h  or  ammonia  laajr  be  necessary  in  order  to 
d«1ect  the  metal  by  the  orange -coloured  precipitate 
thrown  down. 

Tellutium,  as  appears  from  Klaprolh's  experiments, 
is  thrown  down  by  water.  We  know  but  litde  of  its 
preci  pit  ants. 

Arsenic  in  the  state  of  white  oxide  is  imperfectly 
precipitated  by  evaporation.  Hydrosulphuret  of  pot - 
a«h  throws  it  down  yellow  ;  but  the  best  method  of  as- 
certaining its  quaniity  is  to  convert  it  into  an  acid,  and 
then  throw  it  down  by  means  of  nitrate  of  lead. 

We  have  no  good  precipitant  of  cobalt.  When  tar- 
trate of  potash  is  pui  into  a  solution  containing  it,  and  set 
aside,  red  rfaomboidal  crystals  forcn  in  it  spontaneously, 
consisting  of  cobaltic  tartrate  of  potash.  This  is  not  a 
bad  way  of  obtaining  the  metal  nearly  pore,  but  it  docs 
not  separate  all  the  cobalt. 

Neither  have  we  any  good  precipitant  of  manganese, 
Richter  has  recommended  tartrate  of  potash,  which  suc- 
ceeds to  a  certain  extent,  f  specially  if  the  solution  does 
not  contain  an  excess  of  acid. 

Chromium,  when  in  the  state  of  an  acid,  is  thrown 
down  by  nitrate  of  lead. 

We  have  no  good  precipitant  of  molybdenum.  By 
evaporation,  it  falls  down  spontaneously  from  acids  in 
the  stale  of  an  oxide. 

Uranium  is  well  chaiaclerizcd  ])j  the  brown  colour 
•f  the  precipitate  by  prussiatc  of  potash.    The  £xed  ul- 
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in  the  state  of  small  crystals.     When  no  precipitant  is     Chap,  v,^ 
indicated,  in  that  case  the  acid  forms  no  known  insolu- 
ble salt,  and  is  itself  soluble  in  water. 

When  an  acid  forms  an  insoluble  salt  with  any  base, 
that  acid,  or  its  salts,  almost  always  has  the  property 
of  separating  the  base  from  the  solutions  which  contain 
iti  The  base  and  its  salt  act  in  the  same  way  when 
nixed  with  solutions  containing  the  acid.  Hence  it  is 
of  importance  to  know  the  insoluble  salts  which  the  a- 
cids  form  with  all  the  bases,  because  then  we  can  al- 
ways foretel  the  effect  of  mijcing  saline  solutions  toge- 
ther. If  any  acid  and  base  be  present,  capable  of  form- 
ing an  insoluble  salt,  they  usually  combine  and  precipi- 
tate. I  shall,  for  that  reason,  insert  the  following  Ta- 
ble ;  it  exhibits  the  solubility  of  most  of  the  salts  hi- 
therto examined.  The  letter  S  indicates  that  the  salt  Table  of 
possesses  a  considerable  degree  of  solubility  ;  the  letter  tyirfHtn.  * 
I,  that  it  is  not  sensibly  soluble ;  and  the  letter  L,  that  it 
is  but  little  soluble,  or  possessed  of  a  degree  of  solnbi« 
lity  not  exceeding  one  or  ivto  per  ant. 
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il  of  these  salts,  however,  although  insoluble  in 
bvater,  are  still  soluble  in  several  lalioe  or  acid  soIq- 
^ODs.     This  prevents  (he  precipitatioa  from  appeaiiof 
s  of  miiture  ts  it  othemisc  wouU. 


or  PRKIPITATIOH. 


loM  the  tables  and  observations  contained  in  ihs  prc-^ 
tcding  Section,  it  appeurs  that  certain  luhstancei  only 
can  be  thrown  down  from  soluiions;  namely,  the  earths 
snd  metallic  oxides  among  the  bases,  and  those  aods 
which  are  nearly  insoluble  in  water;  while  the  sLIultes 
wtd  soluble  acids  cannot  be  precipitated  at  all.  It  re- 
mains for  us  to  consider  the  state  in  which  the  piccipi. 
tates  are  obtained,  and  the  way  in  which  ihey  are  pro- 
duced. 

According  to  the  theory  of  elective  attraction,  a  sub- 
stance is  precipitated  when  its  aflinity  for  the  solvent  ia 
less  than  that  of  the  precipitant.  The  precipitate  there- 
fore is  pure  ;  and  if  a  sufficient  quantity  of  the  prccipi- 
tnt  be  employed,  the  precipiution  is  complete.  Ber- 
thollrt  has  overturned  this  notioa  by  showing,  that  ia 
all  cases  the  acid  is  divided  between  the  base  with  which 
it  Is  already  combined,  and  the  base  employed  as  a  sol- 
vent, and  that  the  quantity  which  unites  to  each  depend; 
upon  Ihc  HfHnity  and  the  quantify  employed.  If  the 
first  base  happens  to  be  insoluble,  the  portion  tltui  di>- 
Cflfagcd  will  of  com«  precipitate.  By  this  separation 
Utl3 
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ft**^^^^'  .  the  mats  of  the  precipitant  is  augmented  relativdjtl 
that  of  the  base  precipitated.      It  therefiore  acts  wkk 
more  energy.     In  this  manner  the  qnantitj  of  the  fas 
base  thrown  down  is  increased.       Bat  it  has  not  bea 
proved,  that  by  this  method  one  substance  is  capsbkof 
precipitating  every  atom  pf  another  ;  though  in  soae 
cases  the  decomposition  is  so  nearly  complete,  that  we 
may,  withoat  any  sen^ble  error,  consider  it  as  sod: 
as  when  pure  potash  or  soda  is  employed  to  thros 
down  magnesia;  oramn^onia,  to  throw  do^^n  alumioict 
peroxide  of  iron.     In  other  cases  the  action  is  verjii. 
mi  ted.    Thus  potash  does  not  seem  capable  of  throwiB{ 
down  barytes.or  strontian  completely^  nor  amiaoBii 
magnesia,  from  acid  solutions. 

£ffector  When  the  base  to  be  precipitated  is  capable  of  fom. 

uifulubiiity.  JQg  ^^  insoluble  compound  with  an  under  proportion  of 
the  acid  to  which  it  is  combined,  it  is  obvious  that  is 
that  ease  the  prectpitalion  wiU  commence  whenever  the 
compound  is  reduced  by  the  action  of  the  precipitant  to 
that  state  of  insolubility.      Such  precipitations  cariDOt 
consist  of  the  pure  bases  ;  they  must  all  be  in  the  state 
of  subsalts.       To  know,  therefore,  whether  a  precipi- 
tate be  a  pure  base  or  not,  we  have  only  to  be  acquaiot- 
ed  with  the  nature  of  all  the  compounds  which  it  is  ca. 
pable  of  forming  with  the  acid  which  holds  it  in  solu- 
tion.    If  they  be  all  very  soluble,  then  we   may  coa. 
elude  that  the  precipitate  is  in  the  state  of  a  pure  base, 
or  nearly  so  ;  but  if  any  of  them  be  insoluble,  we  may 
expect  to  find  at  least  a  part  of  the  precipitate  in  the 
state  of  a  subsalt.      The  alkaline  earths   scarcely  form 
insoluble  subsalts,  but  alununa  and  many  of  the  metal- 
lie  oxides  possess  that  property.     Hence,  when  alujni* 
na  and  several  of  the  metallic  oxides  are  precipitated 
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ffinom  An  acid,  we  finf  the  precipitate  still  oontaining     Chafw  v. 
4ioited  to  it  a  certain  portion  of  acid. 

Several  metallic  oxides  have  such  a  tendency  to  form 
subsalts,  that  they  are  precipitated  even  by  the  affu- 
sion of  water.      This  is  the  case  particularly  with  bis* 
muth  and  antimony^  and  with  some  of  the  oxygenized 
'Salts  of  mercury. 

The  precipitation  of  the  metals  from  solutions  by  Precipiu- 
other  metals  has  long  puzzled  chemists.  BerthoUet  ex-  [^  *"  . 
plained  it  by  supposing  the  precipitate  to  be  an  alloy. 
This  certainly  is  true  in  some  cases,  l>ut  it  applies  to 
the  thin  layer  of  the  precipitate  only  which  is  next  the 
.precipitating  metaL  Thus  when  zinc  precipitates  cop- 
fcr,  the  layer  next  the  cylinder  of  zinc  always  contains 
some  zinc.  Probably  the  same  remark  applies  when 
copper  is  used  to  precipitate  silver.  But  when  iron 
precipitates  copper,  I  can  detect  no  mixture  of  iron  in 
the  precipitate,  provided  the  iron  has  been  polished  and 
is  not  corroded  unequally.  Mr  Sylvester^s  opinion,  that 
the  metallic  precipitates  are  always  produced  by  the 
agency  of  galvanism,  is  much  more,  probable  than  any 
other  yet  stated.  In  that  case  it  is  in  reality  hydrogen 
that  reduces  and  precipitates  the  metals  in  all  cases. 
Hence  they  fall  either  pure,  or  in  the  state  of  a  bydro*- 
guret,  according  as  the  metals  have  the  property  of  com- 
bining with  hydrogen  or  not. 

When  abase  is  employed  to  precipitate  a  s6luble  ofackU. 
acid,  the  substance  thrown  down  is  always  a  com- 
pound consisting  of  the  acid  united  to  the  base  em- 
ployed. In  this  case,  like  the  preceding,  the  acid  is 
^sometimes  completely  separated,  and  sometimes  not, 
according  to  the  energy  of  the  base  employed^  and  this  * 


~.k 


'Iw 


comiVAyiov  avb  incoipymiWt 


dignt  of  toMloUIi^  of  tlwi4 
cxplaiiatioia  tppUet  u  in  tko  fnH 
gg^gj^  When  ft  Molnl  stit  h  ittfk^  00  o  pimrilH^ii 
fnlffdik  Mibttaiiet  which  (alls if  tlw|^ ft ooflpomid,  (itieiar 
poicd  of  one  of  the  ingrediefitt  of  tho  procijiuiiftgM| 
united  to  one  ingredient  of  felt  m  lohtciaa*  Sodlnli 
alone  can  bo  emploje^l  M  are  l^nown  to  fpra^  jnaeliHi 
pomponndfl  with  |he  ocid  of  bft|ft  which  wc  phi  i| 
throw  down*  In  theae  caaef  die  aepofalioo  ia  opaqhii 
when  the  new  wit  fi^raiediaconipleleljrioaoloblef  Meat 
tral  aalta  ftrtbina  the  oflfe^  of  pfopipicftnto  hi  gaiai^' 
inach  mere  readily  and  eomi^teljr  tfian  pore  lani 
or  acids.  Tbq«  t)i|i  f|l|^ft|ine  eftrbofMloa  throw  ism 
the  earths  noch  more  efectoally  then  the  pore  alka» 
lies^  and  anlphale  pf  sodn  separates  hftrjtet  ninch  mm 
mpidly  tfian  pure  salphurip  add.  Thia  aoperieritfii 
pwing  partly  to  the  combined  action  of  |he  neid  and  basc^ 
and  partljtp  the  comparative! j  weah  ftodoo  of  o  neutral 
aalt  upon  the  pfecipitate,  when  comporetl  to  tha^  of  i^ 
acid  or  alkali* 

For  the  precipi|ation  takes  place,  not  In^caase  the 

a%lts  are  insoluble  in  water^  but  because  thej  are  inso. 

luble  in  the  particular  solution  in  which  the  precipi* 

tate  appears*    Now  if  this  solution  happens  to  be  caps- 

ble  of  dissolving  any  particular  salt,  that  salt  will  not 

precipitate,  even  thoughit  be  insoluble  in  water.    Hence 

the  rcfason  why  precipitates  so  often  disappear  wbea 

there  is  present  in  the  solution  an  excess  of  acid,  of  al« 

kali,  Sec. 

Separation        When  different  salts  are  mixed  together,  they  sepa* 

j^  mIb-     ^^  either  spontaneously,  or  on  evaporationf  according 

^^  to  the  order  of  their  solubility.      Those  which  are  ia* 

soluble  precipitate  immediately  on  the  mizturci  aQ() 


nsciriTATioir*  •     an^ 

those  Tvhich  are  least  soluble  crystallize  first  when  the  Ch>p.v.^ 
solution  is  evaporated.  Potash  forms  with  sulphuric 
acid  a  salt  much  less  soluble  than  sulphate  of  soda« 
Hence  the  reason  why  it  has  been  supposed  to  have  a 
stronger  affinity  for  sulphuric  acid,  and  by  analogy  for 
acids  in  general,  than  soda  :  For  if  sulphate  of  soda  be 
mixed  with  the  greater  number  of  the  salts  of  potash^ 
sulphate  of  potash  is  obtained  by  evaporation* 

But  in  cases  where  two  salts  are  mixed  together,  the 
resulting  salts  are  much  influenced  by  the  proportions 
«f  the  ingredients.  The  same  salts  are  not  obtained  if 
the  ingredients  be  mixed  in  one  proportion  that  would 
be  obtained  if  they  were  mixed  in  another  proportion. 
This  will  appear  evidently  from  the  following  experi- 
ments of  BerthoUet. 
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BaokSt  The  motfier  water,  or  the  liquid  wbidh  reoiaifliiAci 
mixtures  of  sabs  are  separated  by  cryafaliyatioo,  4 
ways  coQtmos  several  salt%  or  rather  their  cooiposQi 
parts,  whidi  aie  prepensed  from  crystaniTalipn  bj  flas 
mutual  action  ou  each  other.  Heote  theqoaatitf «( 
this  mother  water  ia  always  the  greater  the  ouxt  i^ 
Inble  the  salts  are ;  that  is  to  say,  the  lesa  diywdm 
they  have  to  ciystalliax* 

Such  is  a  short  sketch  of  BerthoUet'a  ingenious  loe. 
frine  of  precipitation.  For  a  more  particnlar  detail  tk 
IIMuler  is  referred  to  the  Siatigui  CUmsqut^ 


■*T 


SECT.  IV. 


OF  TOMTILIZATIOV. 


Wt,  liave  seen,  in  the  preceding  Section,  that  decofi, 
position  is  produced  in  consequence  of  the  insolobilitj 
of  some  of  the  ingredients.  Bcrtholiet  has  shown  thst 
it  takes  place  equally  when  some  of  the  ingredients 
possess  elasticitj.  Thus  when  an  acid  is  dropt  into  sn 
alkaline  carbonate,  the  carbonic  acid  assumes  the  gs* 
seous  form  and  flies  off,  and  thus  the  decomposition  is 
complete.  In  like  manner,  when  an  alkali  is  dropt  in* 
to  sal  ammoniac,  the  ammonia  becomes  elastic,  aod  is 
disengaged  from  the  solution. 
EBGect  of  This  separation,  though  precisely  the  reverse  of  the 

former,  depends  upon  similar  principles.  When  sul- 
phuric acid  is  poured  into  carbonate  of  soda,  the  t^o 
acids  divide  the  base  between  them  according  to  their 
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hitj  and  quantity  :  but  when  the  proportion  of  base 
Siminished,  a  part  of  lEie  carbonic  acid  is  enabled  to 
iver  its  elastic  form.  Il  flies  oflT,  xnd  thus  diminish- 
■tbe  quantity,  and  of  course  ihe  action  of  the  remaio- 
[  carbonic  acid.  The  sulphuric  acid  is  enabled  to 
t  with  more  energy ;  it  takes  a  greater  proportion  of 
,  more  carbonic  acid  flies  00'.  Thus  the  decom- 
■don  is  gradually  completed,  not  because  carbonic 
I  has  a  weaker  afiinity  for  soda,  but  because  it  is 

Vc  may  then  lay  it  down  as  a  general  rule,  that  elas*- 1 
I  acids  are  displaced  by  fixed  ones,  provided  they  are 
^ble  of  enduring  a  sufficient  degree  of  heat  without 
iomposition.  Hence  the  reason  thai  the  decomposi, 
s  by  the  lirji  vja^;  as  it  is  called,  that  is,  when  the 
ingrcdienis  are  made  to  act  upon  each  other  in  a  heat 
suflieient  to  produce  fusion  in  one  of  them,  are  ver^ 
Afferent  from  those  produced  when  the  substances  are 
fDsde  to  act  upon  each  other  in  water. 

In  like  manner,  ammonia  is  separated  from  acids  tiy  ! 
means  of  the  Gxed  nlkalies  and  most  of  the  earths,  when 
B  sufficient  heat  is  applied,  and  many  of  the  metals  se*   ' 
parate  sulphur  from  mercury. 

To  lliese  general  laws,  however,  there  arc  seveni 
exceptions.  They  seem  to  depend  npon  the  condensa- 
tion of  the  elastic  Jluid,  upon  ibe  iniimacy  of  its  union 
with  the  other  body,  upon  the  affinity  of  the  substances 
employed  lo  separate ;  all  of  which  have  been  investi- 
i  by  Berlhollet  with  hir  usual  sagacity  '. 


•  5wij«  C/i-ijic,  i.  3c8. 
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TABU  OV 


TABLE 

OF  CHEMICAL  DECOMPOSITIONS. 


t 

Alkalies. 

SulphttriC  aieid 

MitrU 

Muriatic 

Fhmphotic 

Tlnork 

Oiakc 

Tartaric 

Ararnic 

Succinic 

i  rtr'ic 

Ftirmic 

Benzoic 

ferric 

Saclactic 

JKorucic 

5a)phnroiif 

Nitroui 

CjrhoDtc 


I  Sulphuric 
Tartaric 
Succinic 
ChoHphoric 
Sr»cla:tic 
Nitric 
Mufiatic 
Suberic 
l"lut>ric 
Arsenic 
Citric 
ATalic 
B«iizntC 
Acetic 
Boracic 
Sulphurous 
Nitrous 
Carbonic 
l'niv»ic 


il. 
Basttks  aki 
Stron  man. 


Sulphuric 

Oxalic 

Succinic 

Tlnoric 

Pliosphoric 

^wicIactic 

Kitric 

Itlnriatic 

Suberic 

Citric 

'J'artaric 

Arjwnic 

Jcnzoir 

Acviu' 

P'oracic 

}«uiphiir{)u^ 

Nifroi:« 

CarbdTiic 

iVu«.>.ic 

^111." 
Lime. 


IV. 

ATaoktsm. 


•  )\.illC 

l'h<)*phoric 
■^iilrhiiric 

FlU'MiC 

Vm:  ric 

.  ^AC l.UT ic 

^wi(  ( iriic 
Nirrir 
Muiiatic 
Tartaric 
Citric 
Malir 
l^enzoic 
Acetic 
■lB(»rarir 
•-iil}>l!urous 
Nitious 
Carhoi  ic 
Pnisisii- 


Oxalic 

ArscDic 

Fluoric 

Tartaric 

^uccintc 

Sociactic 

Citric 

PhoHphoric 

Hcii/.ic 

Acetic 

Boracic 

-iipphurous 

Nitr<nj« 

Carbonic 

Pru.v*ic 


VI. 
f)xii)K  or  GoLO 


Muriatic  acid 
Nitric 
*^ulphiiric 
Ai«i  nlc 
Fluoric 
Tartaric 
Phoshoric 
1*1  uss  c 


virr. 

Oxide  or  Mes- 

CORT- 


Murioic 

Nitric 

HhoiphBK 

'^rtcnk 
Piuoric 
Succinic 
Citric 
Ft^rmic 
Aoctir 

^Boracic 
Pnuiic 
Carbonic 

xf 

OsiDtor 

NlCKlL. 

C>xalic  aciQ 
Muriatic 
Sulphuric 
Tartaric 

nrr      iNitnc 

Oxior  or  Co ^.Tho»phoric 


Muruuc 

Jxalic 

Succinic 

Armrnic 

Phoftph'>rIc 

Sulphuric 

•Sjcia  tic 

Tartaric 

Citric 

Sulphurous 

Nitric 

Fluoric 

Acetic 

I-'oracic 

I'niwc 

Ctrbuiiic 


FPR. 


V. 

Ai.»:.MVA. 

SiHpliuric 

Nitri.: 


YII. 

Oxide  or  Sil- 

vrp. 

Muriatic  acid 

Sulphuric 
iaclai''iv- 

Plv'spIl.jTJC 

Swlj'hurouft 

Nitri: 

•\^^cr>i^: 

1  i'l^rir 

Trirtiric 
;i.'itric 
:I"crin:c 
!  Acetic 
Siic.iti.c 

Curbciiic 


Oxalic  acid 
Tart.ii  ic 
Murunc 
,Siilj  hiiric 
|Sicldftic 
Nunc 
*.  rv  n-c 
I'hosphoric 
succinic 
Muoric 
-irric 
I'ormic 
Aettic 
boracic 
I'riipsic 
I  'atbonic 


Fluoric 
SjcltiCic 
Succinic 
Citric 
Formic 
Actt^c 
Arstr.ic 
Inoracic 
,Pru»MC 
Ic  .rbonic 


xn. 

OTior  OF  1 


X 

")vinF  ' 

( Jx.ilit-  arul 
I  drr:iro:m 
Cimpiioric 
Sulphuiic 
■•ivia<    >L 


Tartaric  aci( 
Muriaric 
Sulphuric 
0>a  ic 
Ar»cnic 

Phfuphorit 

V  Tr.ov.,\Vtr.c 

Succinic 
l''Itioric 
*^acUcti- 
Ci^ric 


BIC0MP0SXTIO1I8.* 


68$ 


c 

Saclactic 

lie 

Succinic 

■ 

ic 

Jicnc 

Formic 
Acecic 

XIII. 

Eny  Lbao. 

i^njiwc 

lunc  acid 

ccic 

c 

CarhoB-c 

XVI. 

SiC 

OxiDF.  or  An- 

iric 

TIMONY. 

*lic 

Muriatic  acid 

phoric 

Benzoic 

loruut 

Oxalic 

ric 

c 

Suljihuris 
Nitric 

IC 

Tartaric 

c 

vactaccic 

lie 

Ph'ii-pboric 

ic 

Citric 

CIC                    1 

:^urciRic 

iiC 

Fluoric 

omc 

Ar-onic 

X.V. 
Diof  Zinc 

hcr-iiic 

.VCft  c 

Oofuric 

IC  acid 

frui^ic 

I'lnc 

CarKonic 

.CtiC 

Ic 

XVII 

OXILL  OF  AK- 

aric 

<T.^'IC. 

phoric 

Muriuc:c  acid 

c 

Oxalic 

inic 

Sulphuric 

ric 

Niuic 

nic 

I'artaric 

lie 

l'ho»ph<;ric 

ic 

fluoriw 

cic 

•^aclaf'c 

»1C 

Si'cciiiic 

lODiC 

v,i'nc 

Kormic 

Arsi.nic 

\crirc 

"ru-s«c 

XV. 

Dt  OF  BlS- 
Ml'TU. 

Phosphoric 

FluOTiC 

SaclacCic 
Succinic 

iCTIC 

Fomuc 

Acetic 

.Arsenic 

Boracic 

frtibsic 

Curl  on  ic 


jA^timina' 
Zirconia 


IOlucira 
Zirconia 


XXII. 

SuLPBuaouf  A' 

CID 


XiX. 

Oxide  or  Ma 
CANrsc. 


K' 


O'  hlic  acid 
Citr.'c 
I'hosphortc 
Tartaric 
I  luoric 
Muriatic 
^•jl}»huric 
Nirric 
Siclactic 
uccinic 
I'artiric 
i'ormic 
■^ccric 
E'ri.i»*ic 
■.  'arbonic 


iiaryics 
L  me 
Hotafh 
Soda 
Stroiitian 
'.Magnnia  7 
An.moiiiaC 
Glucina 
Muniina 
Zirti-nia 


P^<jsrh'ric  acid 

Arscr.jc 

Ovi'Jc 

Su'phuric 

ATu!i?.:ic 

N  rr.c 

-\cetic 


.Ci.c.a 

nic 

iiric 

{•horic 

huric 

iatic 

roic 

ic 

ric 


xvni. 

Oxide  op  Co- 
bait. 

Oxalic  acid 

Muriatic 

Sulphuric 

Taruria 

Ni*r?c 


XXV  I. 
Nitric  Acid* 


B^ryccs 

Hotash 

Soda 

•Strontian 
Lime 

Magneifii 

Ammonia 

6'lucina 

Alumina 

Zircoaia 


.*< 


XXIH. 

PllOSFH«»«IC 
ACID. 

Baryti » 

itroutiin 

Limj 

Fot-sh 

S<Kia 

.\ninionia 

r^LiwncMa 

Alumina 
/lircoriia 


XXVII. 
XX  VIII. 

MUEIATIC  Airn 
Ac  trie  Agios. 


l^-ryccs 

iSoda 

l^trontian 

Lime 

A:i  mooia 

Magnesia 

Olucina 

Alumina 

Zirconia 


XX. 

OXIOE  <  F  Tl- 
1  AMUM. 


X...V. 

puo jpuorous 
Acid. 


XXIX. 

I  OXT MURIATIC 
A  CIO. 


— X!ct: — 

Sulphuric  A- 

CD. 


:L..mcr 
Barytes 

Strontian 

rot.i>^ 

Soda 

All  nionia 
'Mucita 
Alumina 
ZIrcotjia 


B:irytos 

'^tniritian 

Potish 

S'lda 

L.ime 

Magnesia 

Anmiona 

ni'icina 

.\r':a 


Potash 

^uda 

Barytes 

Strontian 

Lime 

Ammonia 

M^^efia 

.Alumina 


XXV. 

Cakhonic 

Acid. 


BarvTts 

Strontian 

Lime 

itHrJl 

.ill 


XXX    >XXl. 
XXXILXXXUL 

rLt'URic, Bora- 
cic, Arsenic, 
anu  tunostic 
■^  <"rD9. 


M.i«.'nr'«ia 
.Ajrjiion!;* 


L:inc 

Barytes 

"^iroritian 

.M:-giit:»ia 

t'ocash 


AmmofM 
'Cbcina 
iUununa 
.2ir€onui 

XKXiV. 
OzALie  Acid. 


TABLE  OP  liECOltrOSltlOVtt 


Baqrccs 

Sutmtin 
MagDcu 

8oda 
Anunonia 


XXXV. 

Citric  Acid. 


XXXVII. 

■Succinic  Acid 


XXXIX. 

SoBisiC  Acrs. 


Lime 

Barytet 

Stroncian 

Magnesia 

Porash 

Sodi 

Ammonia 

Alumina 

Zirconia 


XXXVl. 
Bemioic  Acid 

Potash 

Soda 

AmmoniA 

Barytet 

Lime 

Magneiia 

Alonhu 


Barytes 

Lime 

Pntssh 

Soda 

Anmrciia 

Ma((nfsia 

Alumina 


tiarytci 

Pota«h 

Soda 

Lime 
AmnOfiU 
Magaeua 
Alumiiii 


XXXVIIL 

CAMruoRic 
Acid. 


Lime 

PotJih 

Soda 

Barytes 

Ammonia 

Alumina 

Magneiia 


XL. 
pRtf  8SIC  Acid, 

Barytes 

Smntian 

Potash 

Soda 

Lmie 

Magnesia 

Ammonia 


OtMSerfoa 
Other 

oiido 
Ahmm 
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